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I. IHTRODTTCTIOlf
A* Magnitude of Silage Making Operations
The production of grass silage provides an effective
means of conserving and utilizing the nutrients of grasses
and legumes* Greater emphasis placed on grassland farming
by conaervation-minded agrieialturallats in the past few
years has given Impetus to increased production of grass
silage. In the United States, production of grass silage
has increased from 1.5 million tons in 19liil- to over
8 million tons in 1951 (22), This represents an increase
from about 0.5 percent of the total hay crop in 19L|J4. to
about 2.5 percent of the hay crop in 1951 being made into
silage.
Dairy Herd Improvement Association records of 187O
dairy herds in Iowa indicate that about 35 percent of these
herds were fed grass silage in 195l|.» Practically no herds
in the Dairy Herd Improvement Association were fed silage
in 19iil|- and only about 19 percent were fed grass silage in
19i4.9.
The 1950 United States Census of Agriculture gives the
information in Table 1,
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Table !• Silage made in Iowa from
grass or hay crop®-
23hQ
Farms reporting 311^- 8^1-
Acres 2,93ti. 13,568
Tons - green weight li4.,556 61,822
^(28, p.13)
Development, manufacture and sale of silage making
equipment has followed the same general trends of rapid
increase* Ixiformation in Table 2, taken from a retail
farm equipment dealers publication (10), indicates the tre
mendous growth in the use of field harvesters in harvesting
the grass crop, A large portion of this increase is due
to the greater interest in silage production. Figures given
on direct cut machines are most indicative of machinery
purchases specifically for use in grass silage production.
Both pick-up units and direct-cut units can be used for silage
but the pick-up linits may also be used in harvesting hay.
Numbers of pick-up vinits are not such a strong indication
of increased machinery investment for making silage.
According to the figures on increases in grass silage
production and production of silage making equipment, it can
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Table 2» Domestic shipments of
forage harvesters&
1950 19$1 1952 1953
Basic machines 7.50k. 19,098 27,301 30,229
Pick-up hay linit h,8n 11,396 17,218 17,256
Cutter-bar hay unit 1,813 8,228 9,330
®(10, P.102)
be seen that the magnitude of the silage making operations
Justify interest in further developments of machinery in
this area*
B. General Objectives of Research on Silage
Efforts in the mechanization of the silage making opera
tion should be directed toward lowering the cost of nutrients
which are actually utilized by animals in the production of
beef or milk. A number of factors determine the cost of pro
duction when silage is fed as part of the ration of dairy
cows or beef cattle. Some of these factors are; 1. invest
ment and maintenance of machinery, 2« investment and mainte
nance of storage facilities, 3. power and labor requirements
for harvesting, storing and feeding silage, 1^., losses of
nutrients, palatability and digestability during the harvest
ing and storage period, 5« quality of the final product.
- -
Research In the area of grass silage is concerned with
the many Interrelated biological, chemical and mechanical
effects and their influence on factors of cost of silage
utilization.
During the past four years a number of machinery manu
facturers have placed ensilage harvesters on the market
which are of somewhat simpler design than the conventional
forage chopper# These designs are adaptable to production
of a machine of lower cost and may have a considerable
amount of influence on further development of machinery for
silage making. Illustrations are shown of two designs
typical of recent developments in forage harvesters. The
Silorator Hayter is shown in Figure 1. It is a power take
off driven machine which consists of two cutters of a
special design and a blower and delivery pipe mounted on a
main frame. It is manufactured by Silorators Limited of
London. A better view of its construction is shown in
Figure 3*
The Lundell machine is shown in Figure 2. It is also
a power take-off driven machine but operates on quite a dif
ferent principle than the Silorator. It consists of hammers
moimted on a shaft which rotates at high speed. Grass is
cut by these hammers and thrown by them into the auger
which moves it into the blower and delivery pipe. Paths
Fig» !• The Sllorator Haytor
in operation
Pig. 2. The Limdell standard
in operation
v»--*"'i"«'i^.'jtis?-.-'.--V-'^.jBgn/a^
iJ,.'.Vix.-r.yf'.''••A
-9-
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followed by the grass may be seen in Figure The Lundell
machine is manufactured in Cherokee, Iowa*
In addition to these two machines, similar designs have
been put into production by Sears Roebuck, Schultz and Brady<
One characteristic of these new machines is their shredding
or lacerating action on the grass. Some research reports
have indicated that shredding of grass produces silage of
somewhat different characteristics than that of convention
ally treated grass.
General objectives of grass silage research should be
directed toward the lowered cost of silage utilization
throu^ reduction of;
1. Cost of machinery and storage investment,
2. Losses in nutritive value of grass,
3. Losses in silage quality,
G. Process of Bnsilage Formation
In approaching a problem concerned with grass silage
it is desirable to consider the basic fermentation process
and changes which occur in the preservation of grass. It
is also necessary to understand what physical handling is
necessary to make silage.
Fig. 3. Silorator Haytor
showing various
parts
pig. Schematic diagram of
Lundell standard
wr
TO WAGON
FAN
/auger
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1. The blolopilcal environment
The process of ensilage formation begins when the
green crop is cut and put in some container such as a silo,
stack, pit or trench. The term grass silage, as used in
this thesis, always refers to silage made from meadow crops.
The environment initially consists of the plant tissue still
alive and respiring, carbohydrates or fermentable sugars,
moisture, and a wide variety of mlcroflora. Juice from
bruised plant tissue Is the medlimi ^Aiich supports the growth
of microorganisms. There Is evidence that all green plant
material which is generally considered for silage contains an
ample supply of lactic-acid producing bacteria (25). The
mass is at the temperature of the surroimding air. There is
a considerable amount of oxygen trapped in the grass.
Initial conditions begin to change quite rapidly.
Barnett describes the changes which occur and groups them
into five phases During phase one, cell respiration
continues and carbon dioxide is formed. Bacteria, yeast and
mold growth begins. The temperature begins to rise. Enzyme
activity causes breakdown of sugars into alcohol, carbonic
acid, water and acetic, butyric and lactic acids. Enzyme
action also causes some breakdown of protein into amlno acids,
peptides and ammonia.
- 11 -
During phase two, plant respiration slows considerably
as the oxygen is used up in the mass and forced out by com
paction, As the plant cells die, enzyme activity also de
creases, The activity of molds, bacteria and yeasts in
crease but mold and yeast growth soon cease as oxygen is
used up. Bacteria increase many billionfold during this
period, producing additional acetic acid from soluble carbo
hydrates, Bacteria also cause some further breakdown of
protein and are responsible for some loss of dry matter.
Phase three is characterized by activity of organisms
producing lactic acid. These organisms utilize much of the
remaining carbohydrates in producing lactic acid.
The first three stages of the fermentation process are
completed in about three days. During the fourth stage of
the process, production of lactic acid continues at a much
slower rate, V/hen the acidity of the silage Increases beyond
a certain point almost all bacterial activity ceases. The
33iaterial remains at a constant pH and is considered preserved.
Phase four is complete in three or four weeks.
Phase five may occur if the lactic acid fermentation
has not been complete. Butyric acid-producing organisms may
act on residual carbohydrates and lactic acid. Products of
this fennentation give a very undesirable smell to the
silage and further breakdown and loss of protein
- 12 -
Many factors affect the fei*mentation process. The
process may be controlled to some extent by modification of
some of the factors. However, it should be emphasized that
the biological environment in a mass of silage and the
changes which occur dioring the fermentation period are ex
tremely complex# Little is actually known of the nature of
biological processes which occiar.
2. Physical handling
The process of silage formation is vitally affected by
various phases of physical handling necessary to ensile the
crop. In order to get a crop of grass which is growing in
the field in the summer fed to cattle in the winter In the
form of silage, a niimber of physical activities must occur in
addition to the biological activities which take place In the
mass as previously described.
Essentially, the crop must be removed from the field at
the proper growth stage, transported and placed in the silo,
compacted, stored and removed for feeding. There are many
methods and a wide variety of machines available to accom
plish this aspect of silage formation. Many methods are in
common use in silage making now. The wide choice of machinery
and methods might be illustrated by flow diagram in Figure 5,
DIRECT CUT
AND
CHOP
I
- 13 -
CUT,WILT»
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CUT, PICKUP
STORAGE
TRENCH TOWER SILO STACK
Plg« Plow sheet of various
possible silage pro
duction methods
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3, Interaction of the variables
The complexity of the silage making process can be real
ized more completely by study of a chart Indicating some of
the variables in the process. Figure 6 groups variables
into general areas of influence on the silage pi^ocess. The
first group of variables can be considered as the initial
conditions in making sl3^ge. It is necessary to start with
a crop. The selection of the crop to be ensiled is at the
discretion of the farmer. Practically any crop which Is
palatable when grazed or fed as hay can be used for silage
(21). Alfalfa, clovers and various grasses such as blue
grass and timothy are crops most widely used for grass si
lage in the United States, In other areas of the world
such crops as artichokes, kale, potato tops, hemp, oil rad
ish and vetches have been used for silage (Ij.)*
Moisture content of the grass ^en it is cut for ensi
lage is an extremely important factor. It is intimately
related to maturity of the crop. A more mature crop is
usually of lower moisture content than a younger, lush crop.
Moisture content is intimately related to type of crop.
Grasses are iisually of lower moistiare content than legumes.
Moisture content has a great deal of influence on the bio
logical changes which occur in silage. The moistiire and
plant juices support the growth of bacteria and it seems
CROP
all possible
combinations
of
legiimes and
grasses
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INITIAT. COHDITIONS
MOISTURE CON-
TBITT - INITIAL
usual range of
moisture con
tent
80^
60;^
SOPERPICIAL
MOISTITRE
light dew
heavy rain
TREATMENT
MATURITY
OF CROP
very young lusfa
crop
very mature
stemmy crop
MACHINERY SYSTEM RATE OF FILLING COMPACTION
type of material
produced
chopped
shredded
length of cut
efficiency of
operation
direct cut
wilted
a function of
machinery system,
storage system^
and management
system
light to
heavy
(a) length of
time continued
(b) rate
PRESERVATIVES
mineral acids
carbohydrates
acid forming
ohemioala
STORAGE SYSTKM
GEOMETRY DRAINAGE TIGMTNESS
THTlPERATIiRJjS REACH-
ED DURING STORAGE
size and shap« seepage can
trench
stack
pit
tower
experir;iental
bottles
drain freely
exclusion of
air and rain
high to sub-
freezing climatic
tenperatures
no drainage
Fig. 6, Variables involved in the
silage making process
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reasonable to assume that within limits the availability
of moisture has direct influence on the fermentation pro
cess, Moisture content influences the ease with which
proper compaction can be accomplished. The farmer does
not have very good control over the moistvire content of the
grass when it is ensiled but he can eocert some amount of
control on it by selection of the proper time to cut the
grass and by proper management of machinery and labor.
The influence of superficial moisture is not often men
tioned in literature concerning silage making. One advan
tage of silage is that it can be made during weather which
is unfavorable for hay mkaing. However, good silage cannot
be made in the rain (12). In the case of rain, the limit
ing factor is probably operation of machinery in muddy
conditions.
The quality of the silage which is finally fed to
animals is to a large extent determined by the maturity of
the crop when cut. A very young lush crop, if properly
ensiled, will produce a feed which is relatively high in
protein. If the crop is in a later stage of maturity when
cut, the yields from a certain size field area may be greater
and tiie plants may be of hi^er sugar and fermentable carbo
hydrate content which will tend to give a more desirable
fermentation. However, lower moisture content is often
associated with greater maturity and this, coupled with
- 17 -
larger and stronger stems and plant structure, make compac
tion more difficult. Mature grass also contains less pro
tein than the very young crop.
The wide rang© of mechanization possibilities has al
ready been indicated. Efficiency of various machinery sys
tems has been studied to some extent and evaluated in terms
of hours of machine use and labor® There is not a clear
picture of hOM each element or step in the machinei»y systan
affects the final cost of silage utilization.
Rate of filling the silo very probably has important
aspects in the silage making operation. It is a variable
in the process but it is not an Independent variable. Once
the machinery and storage systems have been selected by the
farmer, rate of filling depends on; 1. availability, skill
and management of labor, climatic conditions, 3. mechan
ical breakdowns, and compactibility of the material.
Rate of filling influences tonperatures reached during stor
age. It has been recommended that in some cases rate of
filling should be adjusted so that the temperature of the
mass can be held within certain limits (32), Rate of filling
may Influence the labor and effort required to ccmpact the
grass.
Compaction is the consolidation of grass into the struc
ture. In a tower silo it may be accomplished by men tramping
on the grass, in a trench silo, it may be accomplished by
- 18 -
continually running a tractor over the grass, it Is one of
the most impcfTtant factors in the ensiling process. Ease
of compaction is related to moisture content, maturity of
crop, length and type of chop, and type of storage structure,
Hanner of ccmpaction is related to type of storage structure,
labor and machlnefry available, and ease of compaction. The
purpose of compaction is to force oxygen from the grass and
to limit undesirable growth of molds and butyric acid-
producing bacteria. A well compacted mass prevents re-entry
of oxygen and excludes rain from entering the mass. Compac
tion should be continued until very little additional settle
ment will occur.
Silo structures have influence on the whole ensiling
process. Good discussions of the advantages and disadvan
tages of various systems of storage are available (22,l|.,l5).
The storage system presents a major group of variables in
the ensiling process. Each variable needs to be carefully
evaluated with respect to its position in the overall silage
making picture.
The complexity of the nature of Interaction between all
of the variables is overwhelming and is often highly con
fusing. This is reflected in tha fact a discussion of silage
making methods usually evokes a good bit of controversy. It
is often difficult to assign the proper significance to the
variables. Evaluation of the effect of any one variable is
an extremely difficult task.
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k-» Losaea which occur In the process
Extent of losses that occur in agricultural production
are often not realized. Prom an engineering standpoint one
of the places to attack high coat of production is the point
where losses may be reduced#
Losses in the silage making process may roughly be
classed as xinavoidable and avoidable losses. This idea is
clearly shotm in Figure 7«
Losses
Unavoidable Avoidable
Variations in accepted techniques
plant respiration
(enzymatic)
Biochemical changes
due to micro-organisms
Drainage Poor ensilage techniques
(e.g.. Ineffective roof
ing, insufficient drain
age, overheating, wrong
type of crop, etc.)
Pig* ?• Losses in ensilage
fonnatlon (l|., p.ij.8)
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Grass on the top layer of the silage spoils when in
contact with air. When no cover of any kind is used on the
silage, 3 to 6 Inches of spoilage occurs (22,33). The im
portance of top spoilage depends on how much surface area
of silage is exposed. In a tower silo the top spoilage is
a relatively imlmportant matter. In a trench or stack silo
much larger areas of the silage mass are exposed to the air
and top spoilage becomes of relatively greater importance*
Losses in the nutritive value of silage are to some
extent unavoidable. Changes occurring during the normal
fermentation are necessary to the preservation of the silage
However, much of the loss of nutrients due to overheating
and improper fermentation are avoidable and could be pre
vented by better technique in silage making. A completely
rigid distinction cannot be made between avoidable and un-
avoldable losses in practice because of differences occur
ring between different accepted techniques of silage making.
-si
ll. STATEE-IEKT OP THE PROBLEM
The surface damage to grass in preparing it for silage
has been referred to as shredding, laceration, maceration
and mincing, A beneficial effect of shredding on the ensi
lage process has been repoi»ted#
The problem is to determine the effects of shredding
grass for silage and their potentialities for aiding in the
attainment of the general objective to lower the cost of
agricultural production.
The objectives of this study viere to:
1. Define the action of shredding type machines more
adequately,
2,. Develop techniques for study of the effects of
mechanical treatment of grass for silage,
3» Evaluate the effect of shredding as a pre-treatment
of grass in relation to other variables in the
process of silage making.
1^.. Explore potential lines of investigation leading
to exploitation of any beneficial effects of shred
ding.
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III. REVIEW OP LITERATURE ON
PRE-TREATMENT OP GRASS
The pxirpose of pre-treatment of grass in making silage
Is to prepare the grass for removal from the field and to
facilitate handling, ensiling, compaction, and eventual
feeding of the silage (2)» Pre-treatment may also have the
effect of stimiilating the biological processes which take
place during the ensiling period.
A. Chopping
Field choppers are used to a large extent in the pre-
treatment of grass. Recommendations on operation of field
choppers in making silage are concerned primarily with the
relationship between moisture content of grass and its com-
pactlblllty. The necessity for good compaction of grass In
making silage has been pointed out quite often. There are
many recommendations of how to attain the best compaction#
The following recommendations are from a TJ. S. Department
of Agriculture publication (22). If the crop is a very
iimnature crop of high moisture content, 77 to 85 percent,
being ensiled in a conventional upright silo, a setting of
1 inch theoretical cut Is desirable for material which will
go in the bottom part of the silo. A setting of j/lf. inch
theoretical cut should be used when the silo is about
- 23 -
one-half full. When the silo is about three-fourths full
a cut of 1/2 inch should be used. Material cut to X/l^ or
3/8 inch is used to seal the top of the silo* The longer
cut is reconunended for grass in the bottom portion of the
silo so that it will have a chance to heat to temperatures
betT'/een 80° and 100*^F (22,32).
When the moistiore content is in the range of 72 to 75
percent and the crop is more mature, a cut not over 3/ij- or
1/2 inch should be used for material in the lower part of
the silo and X/k- or 3/8 inch cut should be used in the upper
part of 1±ie silo; for grass of moisture content 70 percent
or less I/I4. or 3/8 inch cut should be used throughout (22,
6). In these cases the silage heats up quite readily and
short lengths of cut are recommended so that compaction can
be accomplished more easily and overheating prevented.
For wilted grass the material should be cut as fine as
possible. When material has been wilted to 60 or 70 percent
moisture, the length of cut should be l/i^ to 3/8 inch.
Rapid filling and compaction are necessary to keep the
silage from overheating#
Material in the moisture range of 70 to 76 percent may
be difficult to compact sufficiently to prevent temperatures
from reaching 120®P and higher. A short cut is desirable.
General recommendations for length of cut which will
fit in most conditions are 1/2 or 3/i| inch theoretical
cut (2,12,33,20).
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Table 3 is a suitioary of the length of cut recommended
for varioiis moisture contents of grass and ensiling condi
tions. In addition to the effect of length of cut on com
paction and exclusion of air from the silage, there are
hints of stimulation of the biological processes* An agron
omist comments (6, p.812)
There has been some question of the value of
a very short chop» A short chop Is needed so that
the green material can be moved in an air stream,
will occupy less space (hence can be packed to
exclude air), can be self-fed, can be moved and
chopped out If frozen and aid in fermentation. If
we agree with the theory that fermentation takes
place on the outside of plant material and not
within the plant, machinery that will effectively
increase the exposed surfaces will then insure
proper fermentation#
Barnett reports that three silages made from chopped
grass had pH values of lu03, Ij-.OO and i4..13» Silage made
from unchopped grass under the same conditions had a pH of
(3). A discussion will be Included later concerning
the significance of pH in silage.
Crasemann and Heinzl (7) found that when silage was
made from material chopped to 2 centimeters in length and
treated with formic acid the results were in no way more
reliable than the same material ensiled witiiout chopping#
Barnett (L|.) attributes a statement to Kirsch that the
addition of various additives to chopped grass is largely a
precautionary measure and in many cases is not at all
necessary#
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Table 3* Length of cut recoranended for
various ensiling conditions
Type of
Reference storage 77 to t55fa 72 to 75'
Length or cut in incEies
70% and below
(22, p.6-8) Tower
1/2 or 3/t|. l/l|. or 3/8
1/2
1/k ov 3/8
X/k or 3/8
1/2 l/l^ or 3/8
Machin^y
rafg's
advertising
literature
kachinery
mfg<s
operating
manual
(33, p.317)
bottom 1
middle 3A
upper V2
top
COTrench 3A
Stack - Cut as
Humid conditions 1-3/8
Extremely dry weather 3/1^.
72^ or more
70% or less
Wilted considerably
5/8 to 3/k
3/8 to 1/2
do not exceed 3/8
Legumes high in moisture content
Low moisture and all straight
grains
B. Shredding
3/k. or more
1/2 or less
Many terms are used by various authors which are taken
to mean something similar to the action being designated as
shredded in this thesis. Often the terms laceration,
- 26 -
inaceration, and mincing are encountered. Shredding will be
defined as well as possible later in this thesis. It is
believed that laceration is essentially the same as shredding.
Crushing is somewhat different from shredding but is a mechan
ical treatment which breaks open the stems of grass and
breaks d.o\m cellular structure to some extent and will also
be included in this discussion. Grinding of grass ia a more
complete breakdown of cell structure and represents the ex
treme plant damage. Grinding is occasionally mentioned in
the literature and will be included in this section.
There is not a clear cut beginning for the consideration
of shredding as a pre-treatment for silage, Watson (32) be
came interested in the poasibilities of crushing as a prepa
ration for grass in making silage around 1951. In his book.
Silage, (J2, p.8l) he states:
It has been suggested in America that hay will
dry more rapidly if it ia crushed immediately after
cutting, and a special set of rolls is fitted behind
the cutter bar. This implement was specifically
designed for use with lucerne and vr&a not designed
for ensilage work. The principle involved is,
however, most interesting, and may come to be of use
in the making of silage, thovigh for a different rea
son to that which f^ave rise to its use in haymaking,
A machine has recently been marketed in this country
cBritish Islesg which has as its object the crushing
and breaking down of some of the cellular structure
of green crops. This, it is claimed, will speed up
drying by liberating the cell contents. It might
equally well speed up the fermentations in the silo,
since the bacteria, which are always present on the
surface of the plants, could start to develop in the
expressed juice at once instead of having to wait for
the death of the cells in the first stage in the silo.
- 27 -
Further information is needed on this point, but
it will be well worth liiile to investigate this
process, the cost of which will have to be eqiml
to or less than that of adding a stlirrulant such
as molasses or the use of acid solutions.
Also Professor Watson (32, p.102) says.
The machines now under test for the crushing
of green crops immediately after cutting result
in the crop being coated with cell sap, and the
cut crop feels wet and sticliy. It is conceivable
that such material will ferment more quickly than
lintreated grass, and the cell contents coating
each blade may be a useful material for bacterial
action, doing away entirely with the need for any
addition to young, leafy crops. If this were so
the cost of treating the crop will have to be com
pared with the cost for using molasses, and will
determine the best process to adopt. Incidentally,
treated grass may pack more tightly, and if so
this process might also be advantageous with more
mature material•
deMan (8) reports on an es^erlment comparing crushed
and uncinished long grass. Grass was crushed by running it
through a small roller mill three times. Presh and crushed
grass were kept in preserving jars at for ll|- days.
At that time the jars were opened and detenninatlons made
of pH» Results are shown in Table if.. In experiment number
five the grass was passed throu^ the mill only once. In
every case a lower pH was reached in silage which had been
crushed.
deMan did not think that this effect was due to inacti-
vatlon of enzymes but rather to a better distribution of
carboliydrates among leaves and stesras. Stems have higher
carbohydrate content than leaves so that the distribution
- 20 -
of the contents of the steins through the silage might be
responsible for the effect of lower pH due to crushing.
Barnott (3) accounts for the effect of chopping by
stating that the carbohydrates liberated by chopping can
replace molasses and it Is conceivable that a stimulus Is
given to the growth of lactobacllll by the liberation of
certain plant amino acids.
Table Influence of crushing on pH
of grass silage®
Experiment
number Dry matter
(percent)
Crude protein
in dry matter
(percent)
Without
crushing
After
crushing
1 lij..6 28.1 6.7 5.0
2 34.6 21.9 5.2 l^.8
3 17.9 17.3 5.0 3.6
k 19.3 22.7 1^6 3.9
$ 17.3 19.8 5.1J. 3.9
a{8, p.2i|.7)
Interest in laceration of grass began in Britain and
Professor Watson of Edinburgh has consistently promoted lacer
ation as a pre-treatment. The following material is frcm a
paper presented to the Farmers Club In 1953* (30, p,l-15)#
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Recent work has suggested that laceration
of the crop will be valuable thing since it will
set free a good deal of the cell contents and
these will coat the surface of the whole crop
with fermentable material and will enable a rapid
and even fermentation to proceed through the mass
with beneficial results. This has been tried out
at Edinbuirgh with satisfactory results in a pre
liminary test and lacerators are being \ised in
practice but there are still some engineering
problems to be dealt v/ith.
And later in the same paper Professor Watson says,
...•young leafy grass should have some added
stimulant, and if very wet the lower layers
should be allowed to wilt or to heat in the
silo until a temperature of about 80op has been
reached* The lower layers should not be too
compact. If the material is chopped or lacerated
much less care need be taken and in the latter
case it may transpire that no stimulant to
lactic fermentation is needed. More mature
grass needs no added carbohydrate. As a rule
it packs less tightly in the lower layers, but
the upper layers must be packed very tightly
and should be topped off soon to keep heating
down to minimxun#
Professor Watson talks some more about crushers and lacerators.
The distinct possibility that some form of
laceration will be beneficial and may do away with
the need for adding a stimulant to lactic fermen
tation is another variant of the hay crusher
problem. This was designed to speed up dicing
and in practice is more properly called a stem
cracker and does not lacerate the vdiole leaf which
is essential if the plant juices are to coat the
vjhole surface of the mass. Some bruising machines have
been tried out but mainly from the point of view
of hay making. Some people in this country are lacer
ating and the resultant material seems to pack better
and in preliminary trials has been as good as silage
made with added molasses, but further evidence is needed
before it can be said with confidence that laceration is
practicable. In the ordinary forage harvester a certain
amount of laceration takes place especially if the
knives are not properly adjusted.
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Professor Watson got some reaction from the audience#
Mr# E. H. Sams of Sairrey had this ccinment,
Wi13i i^gard to the maceration of vegetable
matter, I have been working with the maceration
of some hundreds of tons of vegetable matter,
and I have found that aeration of the vegetable
matter after maceration heats It, and forms a
mould, and I cannot imagine that the masceration
of these crops and then putting it in silos would
have anything other than a serious effect on the
value of the ensilate#
Professor Watson answers.
With regard to Mr, Sams* point about the
laceration of vegetable matter, of course lacer
ation brings about the conditions he suggests
and those which I think we require in young
material. You want fermentation to start and
you get that Immediately by laceration.
It should be noted that statements as to the beneficial
effects of laceration which Professor Watson makes are based
on a comparison of lacerated and long, unlacerated grass.
His comparisons do not Include comparisons with chopped
mterial.
One of the lacerators which were mentioned by Profes
sor Watson is the Silorator Hayter, The manufacturer makes
several claims for the machine (lii). The main ones are;
1. The lacerating action releases the plants
juices and breaks dcwn cellular structure.
The breathing enzymes are destroyed and
respiration stops. Temperature rises rapid
ly and fermentation starts Immediately.
Butyric acid making bacteria do not live
under these conditions.
2. Becaiise conditions are made favorable for lac
tic fermentation, protein loss is less than in
conventionally chopped silage.
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3. Because the lacerated materials are quite
flaccid, extremely dense packing occurs in
the silo. Less air is present to cause
spoilage and greater tonnage per cubic foot
of silage apace also results.
Experimental work carried out at Edinburgh was reported
in Scottish Agriculture in 1951 (19)» Silage was made from
ryegrass, cocksfoot, timothy and various clovers. Silo A
was filled with lacerated grass. Silo B was filled with long
grass treated with a mixtiore of 1-1/2 gallons of molasses and
1-1/2 gallons of water per ton of fresh material. Twenty-
nine tons of fresh material were placed in silo A* Twenty-
seven and three quarters tons were placed in silo B with some
difficulty which involved construction of an over silo to
contain the material until it settled. Ensiling was com
pleted in August of 19^0 and feeding of the silage was begtin
in January 195l» Some of the observations were:
1. Silo A was free of mold; silo B showed a little
mold.
2. There was little variation in color in B,
3. Average pH values of silage A were [^.,8 and of
silage B, The explanation is given that
these pH values are hi^ due to adverse weather
conditions during ensiling, high moisture and
protein content of the crop and the iresence of
a large proportion of legume rich in calcium.
The average crude protein in dry matter ot silage
A was l8,7 percent and 16,2 percent in silage B,
5. Butyric acid was high in the 1o\tgt layers of both
silages «
6, Carotene content was low for grass silage in both
A and B due to adverse coiditions. There was
little difference in carotene content between the
two silages.
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7« Growth of bacteria was more rapid in silage A»
8, There was a loss of 27.9 percent of the dry matter
ensiled in silo A and 28.6 percent of the dry
matter ensiled in B was lost.
9» There was a 25»0 percent loss in protein in A;
31.1-!- percent in B#
10, Carbohydrate loss was 39*9 percent in A and
37*5 percent in B.
11. Digestibility was 62,7 percent in A and 63.8
percent in B«
The report indicates that the main advantages of lacer
ated silage over long grass silage with molasses added are:
1. There is no need for application of molasses.
Quality of the tvro silages were equal.
2. The greater compressibility of lacerated silage
may lessen the time required for packing.
3. The material is more easily spread in the silo,
Where conventional tower silos are used an over-
silo need not be erected for lacerated silage»
The statement is made that unlacerated silage was easier
to manipulate during removal# In this research comparison
was made between lacerated grass and long grass in making
silage in tower silos. In Northern Ireland comparisons were
made between grass ^Ich was lacerated and grass which was
long, ensiled in trench silos, (18),
One-half of the long grass was treated with molasses at
the rate of l-l/i^. gallons i)er ton. The lacerated grass was
ensiled without the addition of preservatives. The silages
were compacted to about the same extent with a tractor.
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Temperat\ii*e records were kept and the laoerated grass re
mained significantly cooler than the long grass. Long
grass with molasses was always slightly higher in tempera
ture than long grass without molasses. The silage was sam
pled at the top, middle and bottom as the silage was being
fed. Results of analyses are shown in Table
Table 5* PH of lacerated and
\mlacerated grass silages®-
Lacerated silage
top
middle
bottom
Unlacerated with molasses
top
middle
bottom
TTnlacerated
top
middle
bottom
a(i8, p.18)
% dry matter
20.8
21.6
20.0
21.9
22.3
22.3
22.3
21.i^
21.1
-EH
It-. 25
l|..3?
3.92
3.87
lj-.ll
3.99
3.90
The observation was made that there was little differ
ence between lacerated silage and long silage except for the
higjier pH values in the lacerated silage. The higher pH is
attributed to over-compaction by the tractor. The lacerated
silage was observed to settle faster and would have required
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less compaction than the long grass to maintain it at the
same temperature. The lacerated silage tended to be less
palatable and this was believed to be due to the difference
in acidity in the silages,
A trench silo was also filled with oats and peas. One-
half of the silage was lacerated and the other half was long.
No molasses was added to the oats and peas. Samples were
taken as the silo was emptied. Table 6 shows average values
Table 6. pH of lacerated and unlacerated
arable crop silages®^
Lacerated crop silage
X-"
top
middle
bottom
22.1
21.1
18.8
k..38
1[.!44
Unlacerated crop silage
top
middle
bottom
22.1
19.5
16.7
5.30
lt..59
5.03
a(l8, p.19)
obtained from the analyses. The laceration proved to be
quite beneficial. There was less waste in the lacerated
silage and the appearance of the Ucerated silage was much
superior to that of the long silage. The lacerated
- 3? -
silage was obviously more palatable than the long silage
and the cattle ate it quite readily#
Reports of research done in Norway between 191^.6 and 1952
give some comparison between chopped and crushed grass
silage (27). The author says that the crushed grass was pre
pared in a silorator. It is assumed that preparation was
the same as what has previously been called laceration# The
chopped grass was prepared using an American type ensilage
cutt er•
The grass was ensiled in small silos of .8 to 1 meter
in diameter and one meter hl^ and In larger silos 2 meters
in diameter and 3 meters high. Conclusions based on quite a
large number of observations were: crushing tends to give
slightly better silage quality than chopping. However,
crushed silage without preservatives is inferior to A.I.V.
silage with regard to butyric acid content, pH, and ammonia
content. The crushing method lacked reliability. In some
cases crushed silage was good, in others it was poor. Satis
factory results were obtained when 1/2 to 2/3 of the pre
scribed amounts of A.I.V, acids were added to crushed grass®
It is suggested that more effective use is made of preserva
tives \^en the grass is finely divided. Crushing of wilted
grass did not show beneficial effects.
Some of the investigations of silage methods In Norway
were made under practical conditions. Silage sampled from
fams delivering milk to a large dairy indicate that there is
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a beneficial effect attained by chopping of grass for silage
where no additives are used. The author continues, however,
and states (27, p.10).
Under Norwegian conditions the preparation of silage
without additives is not to be recoimnended even vihen
the grass is wilted and finely divided. However,
when the grass is divided by chopping or crushing
it seems possible to manage with somewhat less acid
than when whole grass is ensiled.
Laboratory experiments at Edinburgh give a comparative
picture of bacterial growth in minced and long grass silage
(23, 21^.). In these experlinents grass was ensiled in 8 by
1-1/^ inch test tubes. Tubes were opened at various time
intervals and bacteria counts were made# The rise in numbers
of bacteria was more rapid and reached a hl^er level when
the grass was finely minced rather than ensiled long. The
author of the report felt tbat this Increased bacterial
growth was due to the liberation and even distribution of the
plant juice making the juice more readily available for bac
terial growth. The macerated material dropped to a pH of
[|.,0 between one and two days and remained at that level
while uncut material reached a pH of Ii.»6 only after seven
days. Figure 8 shows variation of numbers of bacteria with
time in silage made in teat tubes. Maceration clearly favors
rapid growth of bacteria under these laboratory conditions.
Work done in The Netherlands In 1953 which was primarily
concerned with the effect of temperature rise on silage gives
1=
o
^ 4
iii
<
O
T 1 1 1 I
2 3 4 5 6 7
PERIOD OF INCUBATION - DAYS
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MINCED GRASS
UNCUT GRASS
Pig. 8, The effect of maceration of
grass on the colony count/g,
dry matter in silage at 30^0
(23, V. 155)
8
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a comparison of material idiich was crushed with material
which was chopped (9)» The grass was ensiled in preserving
jars and stcred under various temperature conditions* Con
dition one was at for one week and 20°G for six months
and condition two was at 20°C throughout the ensiling period.
Results are shown in Tables 7 and 8. deMan concluded that
when temperatures of 35®C {95®P) are reached in silage there
are always harmful results. The data also seems to show that
crushed grass attains a lower pH than the cut grass and is
also less subject to the detrimental effects of high temper
atures.
Values given as ammonia nitrogen as a pa?centage of
total nitrogen indicate decomposition of protein. In
Table 8, we mi^t say that longer periods of elevated tem
peratures caused breakdown of protein in the cut grass.
There was no difference In the breakdown of p?otein in the
ciushed grass due to periods of elevated temperatures. Pro
duction of lactic acid was somewhat inhibited in both
crushed and cut material. Somewhat less lactic acid was
produced in the cut grass than in the crushsd grass. The
pH was lower in the crushed grass than in the cut grass,
Crasemann and Heinzl, in 191|-9 (7)» were perhaps the
first to report the effect of crushing and grinding of grass
in making silage. However, at that time they were forced
to conclude that tlie benefits from grinding grass for silage
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were Insignificant although further investigations would be
of scientific and practical value.
C• Suramaiy
Comparative tests performed under laboratory and experi
mental conditions have shown definite beneficial effects of
laceration, mincing, grinding and crushing on the quality of
silage produced. When compared with long grass stored In
trench silos under field conditions very little difference
in silage quality was observed. Work done on laceration
toward developing It into a reliable field method of silage
preservation has been rather sketchy. All work reviewed
here was performed under European conditions.
The wide number of variables in the ensiling process
lead to incomplete and conflicting interpretations of re
sults, In general most authors were of the opinion that
shredding and laceration of grass creates a better biologi
cal environment in which the ensilage fermentation process
can take place. Bacterial growth can begin rapidly because
many cells are already bruised and ruptured and plant juices
are available as growth media. It is well Imovm that there
are more carbohydrates present in plant stems than in
leaves. When grass has been lacerated there is a better
distribution of carbohydrate naterial. Certain amlno acids
- 1+2 -
released from the plant cells may speed the growth of
lactic-acid producing bacteria. Alteration of the biologi
cal environment leads to the beneficial effects noted,
Recoinniendations were given on length of cut for chopped
material omder various ensiling conditions. As would be ex
pected when dealing with a biological process influenced by
many interacting factors, recommendations from different
sources are based on the particular experiences of the ob
servers, Another matter which confuses the issue somewhat
is that these recomniendations are based on the theoretical or
mechanical length of cut. Theoretical length of cut is com
puted from the length of advance of the feed mechanism for
each pass of the cutting knife. If all pieces of stem were
fed straight into the knives the theoretical length of cut
would be approached. However, it is possible to chop grass
for ensilage with a stationary ensilage cutter, a field forage
chopper with direct-cut attachment or with a windrow pick-up
attachment. In these machines thei^ are different degrees of
variance from a straight feed of the stems and different
actual lengths of cut might be obtained from the three for the
same theoretical setting.
Imposed upon this confusion is that from an operational
point of view it is not practical to follow the recommenda
tions given. It is not a quick adjustment to change the
length of cut setting on a forage harvester. Most farmers
- k3 -
tase only rule of thumb detemlnatlon of moisture content and
mattirlty. In the field it is inconvenient to change length
of cut setting with changing moisture conditions. It is
likely that a cutting of I/I4. or 3/8 of an Inch is rarely
used in any situation.
Research work has shovm to some extent a beneficial
effect of lowered pH in silage made from criished or lacer
ated silage. A good portion of the work was done in labora
tory experiments where the silage was preserved In jars#
Comparisons were made between long, undamaged grass and
lacerated grass. There is no comparison of shredded grass
and grass chopped to l/l\. inch cut. It is suggested that a
short chop would give much the same effect of lowering pH
in the silage produced.
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IV. EVALUATION OP SIIAGE
A« Measures of Silage Quality
There is not an easy test which may quickly be per
formed and will always give an adequate reliable indication
of silage quality. Quality must eventually be measured
as net agricultural production. In other words, how many
pounds of milk or meat can be produced from a poxmd of grass
silage? How does silage quality affect a cow's appetite?
Will a cow eat more of a good quality silage than a poor
quality silage? How does digestibility of a certain silage
affect the agricultural production from that silage?
Answers to these questions could provide a good basis
for evaluation of the importance of various techniques in
silage production. Feeding trials are necessary to get
answers to the questions above. Unfortunately feeding
trials are ej^ensive, time consuming, and limited to eval
uation of only a very few of the variables in the silage
making process. Therefore it is desirable to use other
methods of silage evaluation as partial Indication of silage
quality. Partial indications of silage quality can be used
to sift, and narrow all of the experimental work which would
be desirable and interesting to perform into that vriiioh can
reasonably be accomplished by feeding trials.
- 1^5 -
The American Dairy Science Association has set up stan
dards by which silage may be judged (21, p,l8l). These are:
a. Very Good; Clean, acid odor and taste,
no butyric acid, no mold, sllminess or
proteolysis, acid pH of 3.5 to
ammonia nitrogen less than 10 percent
of total nitrogen.
b. Good: Acid odor and taste, trace only
of butyric acid, acid pH of l\.^2 to
ammonia nitrogen 10 to l5 percent of
total nitrogen.
c. Fair: Some butyric acid, slight proteo-
lysis or some mold, acid pH to Ii-.S,
ammonia nitrogen 1$ to 20 percent of
total nitrogen*
Z2^' High butyric acid, high proteolysis,
sllminess or mold, acid pH above
ammonia nitrogen about 20 percent of
total nitrogen.
Some aspects of silage quality can be estimated by ob
servations of a niimber of factors. Some of these factors
are:
Physical Chemical
a. color d. pH and acids
b. odor e. dry matter
c. taste f. carotene
g. protein
Some of these factors are quite useful In determining
silage quality. Others are quite deceptive. Experience In
handling and feeding silage is very helpful in learning to
evalmte silage. In order to get a clearer plctiire of the
- I|6 -
way tiiese factors can be used to evaluate silage a brief
discussion of each will be presented.
1. Color
Barnett gives the following classification of silage
colors (ij., p. 127);
Olive Green. This coloiir is characteristic of
the ensilage of a rather iminature crop. The
silage has a pleasant *estery< smell and a
clean taste. Moreover, it has been made at a
relatively low temperature,
Lii^t Brown or Yellow. Silage of this colour
has been made, whether by chance or design, at
about 37°C and is usually more matiire tiian the
olive green variety. Many silages submitted
for analysis have this coloiir, an acid smell
and taste, and are usually stemmy in nature.
Dark Brown I. The colour here is characteristic
of over-heated silage if it is accompanied by
the pleasant smell of flake tobacco, due perhaps
to caramelization of the original sugar in the
crop. It is also possible that the coloiir is
due to a Maillard or Browning reaction (see
G-ottschalk and Partridge 1950) having taken
place between the liberated amino acids and the
carbohydrates at the temperature of the fermen
tation.
Dark Brown II. V/hen the conditions in the silo
have been such that the butyric acid-forming
organisms have found conditions suitable, an
evil-smelling mass of high pH results further
characterized by its dark brown to black colour.
Vfetson (32) gives color a certain amount of weight,
particularly in recognizing silage which has been overheated.
Well preserved silage has a greenish-yellow, greenish-brown
- w -
or golden color while the overheated silage is dark brown
in color.
2. Odor
A well made silage is characterized by a pleasant aromat
ic smell. Iiactic acid fementation is the most desirable that
can take place. Lactic silage has quite an agreeable smell.
Butyric acid smell is an indication that a poor fermentation
took place in the ensiling process. Butyric acid is a vola
tile acid and readily permeates tiie clothing of a person who
works with silage. Out in the open air silage may not have
too bad a smell but when a person returns indoors he is apt
to bring along quite an offensive odor*
Butyric acid is not harmful to animals in small amounts
and does not necessarily decrease the palatability, The big
gest opposition to butyric acid in silage comes from tte
farmer *s wife who finds the odor quite unpleasant. A well
made silage has a fruity odor. The odor from silage which has
been overheated often has a pleasant tobacco odor and is quite
attractive to cattle. However, overheating of silage has
been shown to result in severe losses in nutrients and digest
ibility ([|.).
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3» Taste
Often a person will taste silage in order to test its
quality. The organs of taste and smell are very closely re
lated so that it is really very difficult to distinguish
between taste and smell. Tasting silage will give a fairly
good indication of its acidity# With experience a person
could acquire some high degree of skill in comparing the
acidity of various silages. It might be misleading If a
taste test was used to indicate palatabllity, A cow*s
taste and preference is not the same as a htunan's, A cow is
qpaite apt to prefer silage v/hlch does not necessarily have a
taste or smell that appeals to the human organs. In the
case of taste, as in the case of odor <and color of silage,
these factors can be of valuable aid in evaluating silage
but only if the person tasting, smelling and looking at the
silage has had such wide ej^erience that he can coirectly
Interpret their meaning# In research these factors are of
less value because they cannot be properly recorded. Smell,
tastes and colors can be described in only the vaguest terms.
To say that the silage has a good smell has practically no
meaning at all. The story is told that some years ago
A. I. Virtanen visted the lovra State College campus,
Virtanen has done a tremendous amoujit of research on grass
silage in Sweden and perfected and patented the A,I,V.
- lt.9 -
process In which a solution of inorganic acids are applied
to the grass as preservatives* In making an inspection tour
of the campus, Mr» Virtanen came across some grass silage at
the dairy farm. He examined it closely, sniffed and then
told his hosts percentage of butyric acid the silage con
tained. Of course, no check was made on his accuracy but it
is presumed that through long repeated laboratory analyses,
Mr# Virtanen has formed a ratiiea? close correlation between
odor of silage and its acid content# In order to describe
silage in more exact terms we tiirn now to chemical analysis,
L{.. pH and acids
Silage quality is most often measured by pH« pH is a
relatively easy determination to make and is often considered
quite a good measiire of silage quality. pH is the logarithm
of the reciprocal of the hydrogen Ion concentration of a
solution. Degree of acidity of a solution depends upon the
hydrogen ion concentration and thus pH is a measure of the
degree of acidity. As pH values decrease, acidity increases.
Several conditions of acidity may exist in silage which
make the interpretation of pH in silage somewhat difficult.
The conditions of acidity are (13, p,8);
Total
acidity
Titration
acidity
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'Fixed acids
y Free
I Combined
Volatile acids
/pixed acid free
\ Volatile acid free
Free
Combined
JLactic acid
/Acetic acid
\Butyric acid
(Acetic acid
Butyric acid
There la a close relationship between pH values and rela
tive amounts of the organic acids present in silage (32), As
the pH decreases in value, the degree of acidity increases and
there is a larger amount of lactic acid and smaller amount of
butyric acid present.
Figure 9 shov;s the relationship between pH of silage and
the various acids present.
Figure 10 shows the relationship between pH and biologi
cal activity.
What is the significance of pH as a measure of silage
quality? McLean (16) wrote in 19ljJ. that it is generally
agreed that pH of a silage is the best single criterion of
its quality® However, in his work on silages it became clear
that pH values for overheated silages were of doubtful value,
Silan;e with pH values of l4.,0 would be rated excellent on the
basis of pH alone but overheated silages quite often are in
this range of pH«
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to lactic and butyric
acid in silage
- 52 -
100
LACTIC FERMENTATION
80 -
PROTEIN BREAKDOWN
<0
O
Q.
S
o
(J
UJ
o
60 -
UJ 40
>
UJ
X
20 —
RESPERATION /
pH
BUTYRIC
FERMENTATION
Pig. 10, Effect of pH on the
biological changes in
silage (29, p. 161)
- 53 -
Archibald and Kuzraeskl (1) conclude after studies of
the analyses of large numbers of silage samples and corre
lation coefficients relating the variables that in general
a good estimate of the quality of silage can be obtained by
determining water and pH»
Jean-Blain (13) concludes that pH is a xxseful indication
of silage quality but is not alone sufficient to evaluate the
silage. pH must be closely related to the degree of aitmoniaj
the percentage loss of nitrogenous matter, and the volatile
acid content,
Plieg (11) states that the pH allows one to draw the con
clusion that silage of pH 3»9 to ij.»2 is definitely good silage.
However, wilted silage and silage made with certain additives
often have high pH even though they are of excellent quality.
Flleg has been working on the development of a system of
silage evaluation based exclusively on the ratios of free and
bound acetic, lactic and butyric acid. He does not use color,
smell or pH at all in his evalxiatlon.
In general most authors use pH as a valuable measvire of
silage quality, pH has hi^ correlation with factors indica
ting the type and extent of feimentation ii^iich has taken
place. There are limitations on the significance of pH, Over
heated silage is apt to have low pH values and yet be of low
quality, V/llted silage may be of high pH but have good qml-
ity. Considerations of the ratios of lactic, acetic and
- -
butyric acid in silage loay prove to be a better measure of
silage quality but involves more difficxilt and time cons\im-
Ing laboratory technique than pH measurecient#
The following information gives a rough guide to pH
values which might be expected under field conditions (13, P*9).
The rapid decline in the pH value of silage
as it approaches 3 was regarded by Virtanen as
essential to avoid proteolysis due to the action
of plant enzymes. Our systematic expe(rlments
comparing the pH values of silage vjith the ammonia
and mono-, bi- and tri-methaylamlne content show
that from the practical angle this view is sorae-
wliat exaggerated#
Losses which have little practical signifi
cance of the order of 1/100 may coincide with a
pH value of (maize) 2/1000 with a pH value
of ii..56 (maize) and 5/1000 with a pH value of 3 •5
(sorghum) •
Losses of the order of 10/100 v;hich are cjilte
admissible in practice may coincide with:
pH J4--31-1. (meadow grass)
pH '4.»07 (clover)
pH ^.76 (lucerne)
pH il.»39 (beetroot tops and
leaves)
pH« • 1^*36 (mellilot)
It may be estimated that for fodder silage
the upper limit should not be more than /^..SO or
thereabouts.
We would emphasize the point that silage with
a pH value lower, equal to, or sllgjhtly higher than
3 is not necessarily good silage. It often has
little appeal for animals owing to its high acidity.
On the other hand, an analysis of pulp silage grey
in colour and dull in appearance which was refoosed
by the animals, showed that It bad a pH value of
2,93, 0% of ammonia and of volatile acid.
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In general, pH values above 5 reflect a lack
of fermentation. Such a deficiency is often found
in silage put down in cold wet weather in closely
packed airtight silos. An experiment carried out
with lucerne closely packed in a cylindrical silo
and housed in a cold cellar showed, surprisingly
enough, after seven months conservation, a pH value
of 8, 0.03% only of ammonia, 3% loss of nitrogenous
matter In all, and only slight traces of volatile
acid*
5. Protein
Grass silage is an important source of protein in a
feeding ration. Preservation of the protein in the grass
is an important matter. Good quality silage should pre
serve the maximum amcxint of protein initially available in
the plant. Loss of protein depends to a large extent upon
the type of fermentation which has taken place in the silage
Thiis measurement of protein seems to have good possibilities
as a measure of silage quality. The situation is somewhat
complicated by the fact that there is a rather serious loss
of protein digestibility in silage under some stc(rage condi
tions and particularly \iien overheating of the silage has
occurred. It is, of course, the digestible protein which is
of interest in evalmting silage. This makes loss of pro
tein more difficult to measure#
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6. Carotene
Carotene In sllago may be measured as an aspect of
silage quality. Carotene Is a precursor of vitamin A.
Vitamin A is essential in diet of farm animals. However,
carotene is usually present even in low quality silages in
sufficient quantities to provide minimum animal require
ments of carotene and vitamin A. Therefore, the absolute
value of carotene in silage is not extremely important.
A measurement of carotene would have value as a measure of
silage quality if it provided an index or clue to the type
of fermentation which has occurred during the fermentation
of a silage. This would mean that the carotene content or
change in carotene content during the ensiling process is
a function of factors, which contribute to general low quality
of silage. Loss of carotene occiirs as a result of break
down due to heat and oxidation. The presence of excessive
temperatures and oxygen in the silage mass contributes to
the loss of carotene and also to low silage quality. There
fore, it would seem that measiirement of carotene might be
valuable as an indication of silage quality#
Worfc done on the measurement of carotene has in general
produced highly variable results. Several factors enter
into the hi^ degree of variability of carotene measurement.
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Some of these factors are sampling, technique in analysis,
and high natural variation In the silage* Sampling of si
lage for carotene determination introduces variation at the
very beginning of the determination. Technique depends
upon the skill of the person making the detennlnatlon*
Many authors report that they often find higher caro
tene content of the silage than was originally present In
the fresh grass (17, 26, 3W • Quite often in early work the
apparent increase in carotene was attributed to weaknesses
in the method of determination. However, the phenomenon
continued to be observed and confidence has grown in the
view that in some manner carotene is actually produced in
silage during the ensiling period. A Russian author (3^4-)i ad
vances the theory that the increase in carotene results from
a transformation or breakdown of xanthophylls into carotene
under certain conditions. According to his experimental
work the breakdown of xanthophylls occur particularly
under acid conditions •
In general, carotene detemination as a measure of
silage quality is not considered completely reliable. Many
variables influence the carotene content of silage. There
is still much to be learned In this fascinating aspect of
silage preservation#
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B, Measurement of Physical Factors
Certain physical factors of silage which influence
its overall value in the feeding program are Important in
evaluating the silage. Some of these factors should cer
tainly be measured in comparing one machine for making
silage with another.
We have seen that rapid compaction is necessary to
insure the best possible fermentation. We have seen a
number of recommendations of length of cut to attain the
best compaction of material of various moisture and maturity
conditions. These recommendations are based primarily on
exper ience.
Claims are made for shredding which indicated that
shredded material was easier to compact than long material.
Work has been done at the Ohio Agricultural Eaqjeriment
Station (20) in which grass silage was made in laboratory
silos. Comparisons wore made between fine, medium and
coarse cut as to change in density during the ensiling
period. This teciinique is of real value in determining
the effect of mechanical treatment on the rate of settle
ment and give indications of compactabiXity of grass.
Length of cut determines to a large extent ti^ case
with i«riiich grass can be handled, moved into the silo.
- 39 -
distributed around in the silo, and finally, removed from
the silo as feed. Evaluation of the effect of length of
cut on tfiese operations is quite difficult. Observation
of the actual operations are of some help but comparisons
of the relative merits of one length of cut against
another should be based on a study of labor efficiency
while handling each material#
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V. INVESTIGATIONS
A. Characterization of Pre-treated Material
Reports concerned with pre-treatment of grass for
silage speak of lacerated, minced, macerated, bruised,
ground and crushed grass. It is difficult to determine
accurately the treatment that the authors are describing.
The fact is that description of the physical characteris
tics of shredded grass is not an easy matter. In comparing
the condition of grass after it has been shredded with
grass after it has been chopped there are a number of dif
ferences Immediately obvious to the investigator. These
are: 1, Shredded material cut with a flail-type forage
harvester is composed of pieces which are longer and less
uniform than those cut with a chopper. 2, Shredded mater
ial is very wet to touch while chopped material is rela
tively dry on the surface. Shredded material feels as
though water might be wrung from it and the chopped mater
ial is only moist to touch. 3» Individual pieces of grass
which have been shredded are ragged in appearance while
chopped material usually has a much cleaner cut.
In reporting investigations on shredding, it is impor
tant to define as precisely as possible the material with
which the work was done. The definition will be based on
the three aspects described above.
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1. Length of cut
Grass was cut with three machines on a single day«
The machines were; 1, a conventional flywheel cutter
type forage harvester, 2, Lundell standard flail-type
forage harvester, and 3- the Lundell econoxny type forage
harvester.^ The grass was mattire alfalfa. The grass was
cut and blown into a 6 foot by foot, two wheel trailer
by each machine in turn# Samples of the grass were taken
randomly from the trailer. Pour small paper sacks vrere
filled vdth grass cut by each machine. These samples of
grass were air dried in the laboratory to prevent spoilage
until the pieces could be counted and measured. In order
to facilitate counting and measuring, the samples were
moistened in a beaker of water until they were sufficiently
softened to prevent breakage of the pieces. Length and
number of pieces were tabulated. Measurement was made to
the nearest one-eighth of an Inch. Results are presented
in Pigiu?es 11 and 12 and are tabulated in Appendix B,
Table 25» Figures 11 and 12 are frequency distributions
of various lengths of cut. They are both based on the same
data. Presentation was made in two forms to show different
complete description of the operation of the Lundell
standard and economy machines is given by Bockhop (5)»
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LUNDELL ECONOMY
LUNDELL STANDARD
1 \ ^
GEHL CHOPPER
'/2" THEO.
T r
I ? 3 4 5
LENGTH OF CUT - INCHES
Pig, 12. Histograph of frequency
distribution of stem
length
1 r
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things. Figure 12 shows that the diagrams are made showing
the nvmiber of pieces that were one-quarter to three-quarters
inch, three-quarters to one and one-quarter, and so on#
Figure 11 shows lines drawn through the points of numbers of
pieces in the various length groups. These are frequency
distributions of various length of cut# The conventional
forage harvester was set to give a theoretical or mechanical
length of cut of one-half inch. The tlieoretical length of
cut is based on the amount of advance of the feed mechanism
between cubs of successive knives. The chopper was a direct
cut machine and the stems of the grass were not fed into the
knives precisely straight, thiis tl^re are many pieces which
were not cut one-half inch long but longer# From Table 9,
the average length of cut was .88 inches. This is acanewhat
less than twice the theoretical leiigth of cut of one-half
inch.
The Lundell standard gave an average length of cut of
Inches and the Lundell economy gave 3»i-!-8 inch average
length#
The economy machine differs from the standard machine
in that there is only a partial housing over the hammers#
In the regular machine the housing directs the grass back
into an auger. There are concave bars In the housing of
the regular machine and from the information presented in
- 6? -
Table 9 on length of cut it is presumed that additional
cutting and shredding of the grass takes place along the
concaves in the Lundell standard#
The chopped material is by far the most uniform in
length lAien compared with the standard and economy# Unlfona-
ity of cut might play an iirgjortant role from a psychological
Table 9# Length of cut of varioxis machines
Average length Range of length
Machine of cut - inches inches
Chopper ,68 l/l^. to 7
Lundell standard 1/2 to 11-1/2
Lundell economy l/k- to 16-1/2
standpoint In retaining farmer acceptance, A uniform cut Is
somewhat more pleasing from an esthetic view,
2, Surface condition
One of the most obvious differences between chopped and
shredded grass is the surface condition of the grass. Shred
ded grass feels much wetter to touch than does chopped grass,
In order to get a quantitative measure of siirface condition.
It seemed natural to measure some aspect of siirface moisture*
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Advertising literature of a conmercial moistiipe testing
meter suggested the possibility of utilizing the reaction
between calciuia carbide and i^ater idaich produces a large
quantity of gas to obtain an index of surface condition of
the grass. A device was constructed in which the pressure
rise resulting from the reaction of calcium carbide and
plant moisture could be measured# Details of construction
of the moisture meter are shovxn in Figure 13 and pictures of
the final construction are shown In Figures lif., 15 and 16.
The following procedure was developed for field use of
the surface damage indicator,
!• A sample of grass was weighed out to within one
gram on a dietetic scale, A 50 gram sample of
grass was used,
2, The grass was placed in the clean, dry steel
cylinder. An excessive amount of powdered cal
cium carbide (sold coramerdally under the name
of Speedy Moisture Testing Reagent) was v/eighed
into a small can and placed in the cylinder on
top of the grass. Thirty grams of calcium car
bide were used,
3# The top was placed on tb.e cylinder and clamped
in place.
The cylinder was shaked and ths grass was thor
oughly covered with carbide. Pressure readings
were taken after five seconds and at 15 second
intervals thereafter.
Comparative tests were made in the field on one day.
Grass was cut with a Lundell standard machine, a Lundell
eccnomy machine, a Gehl chopper, and a mower. Five deter
minations of the pressure versus time curve were made for
CLAMP
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SURFACE DAMAGE INDICATOR
PRESSURE GAGE
O O- 200 PSI
LID
RUBBER
GASKET
j SCALE
Pig. 13« Cross section of surface
damage indicator
•=-TI
Pig. 1I+, Surface damage
indicator
assembled
Pig. 15. Surface damage
indicator show
ing component
parts
.Fig. 16, Surface damage indicator
in use in the field
'n-'r
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grass prepared by each of the four methods. The curves
shown in Figure 17 are results of those tests# Values for
the five runs were averaged for each machine and plotted
showing the inanner of pressure rise. The data is tabulated
in Table 26, Appendix B« Figure 18 is a plot of the same
data on a greatly increased time scale so that only the early
part of the curve is shovm.
Discussion of these results should be based on three
questions. Does tl^ test adequately describe the difference
betvreen stirface condition of grass prepared by different
mechanical treatments? What were the differences? Is the
technique a good field method which can act as the basis for
future work?
First consider the characteristics of the curves. In
ths case of material treated by the three machines there is
quite a rapid rise in pressure during the first thirty
seconds. A peak is reached and then the pressure drops and
levels off at a pressure somewhat lower than the maximm
pressure reached. There is a sizable quantity of heat re
leased during the reaction. It is presumed that the drop
of pressure in the cylinder is due to a loss of heat frcm
the gas to the cylinder walls and surrounding air,
A much slower rise in pressure takes place when the long
grass is being tested, Whai the pressure has reached about
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TREATMENT
-GRASS CUT WITH LUNDELL STANDARD
CHOPPER
LUNDELL
ECONOMY
MOWER
TIME SECONDS
Pig. 18» Pressure rise in surface
damage indicator during
early part of reaction
- 73 -
thirty pounds per square inoh after about two and one-half
minutes there is quite a sudden rise in pressure In a very-
short time. A slight drop off is noted at tb© extreme end
of the curve.
How can the test adequately describe the surface condi
tion of the grass? The tests indicate that maxlitium pres
sure reached during the test has little or no value as an
index of s\u?face damage. However, rate of pressure rise
does seem to be related to surface damage. Observations
in the field placed the Lundell standard material as having
the greatest amount of damage. The Gehl was next, Lundell
economy was third and the long grass was relatively tandamaged#
It can be seen on the curves of Figure 18 that this general
pattern is reflected in the rate of pressure rise during the
various tests.
It is reasonable that this relationship shovild hold,
Rate of pressure rise depends upon rate of gas and heat pro
duction in the reaction. The rate of reaction depends upon
a number ol* factors,
1, Amount of moisture immediately available for
reaction,
2, Area of exposed plant tissue.
3- Rate at which moisture will move through cell
membrane to area of low vapor pressure in con
tact with carbide.
k. Thiclmess of plant tissue in contact wltti the
carbide.
- 7k '
rrumber one is dependent upon how moisture is released by
mechanical treatment and also on initial moisture content
of the grass. Two, three, and four are all dependent upon
mechanical treatment*
Rate of pressure rise is not proportional to mechanical
damage alone but is also proportional to moisture content of
the grass. It is a good indication of surface condition
which is composed of the effect of mechanical damage and
moisture content.
The technique is not a good field technique in its pre
sent stage of development. Five runs on each material were
sufficient to give a significant difference between mechan
ical treatments, (See Table 27, Appendix B), However, five
tests to obtain one reading are too time consiiming to be of
practical value. The tests as performed have such a high
degree of variation that one or even possibly two tests for
a single reading would have no value. There are several
possibilities for improvemait of the technique which will be
discussed under possible lines of futiire work#
3. Photographs
In order to complete the description of shredded mater
ial, pictures were taken of representative pieces of alfalfa
cut with the Lundell standard, Gehl chopper, Lundell economy
machines and a mower to show the texture of the material#
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In Figure 19, the picture of the Lundell standard material il
lustrates shredded grass. Steins are severely broken and
stripped* There is a great amount of leaf damage. The gener
al description of the texture of the material is ragt-edness.
Stems in the chopped material. Figure 20, are cleanly
cut. There is some uniformity of the appearance of the
pieces. There is very little damage to the stems other than
the cut. Leaves have a completely different appearance than
those in the shredded material. Whole leaves can be distin
guished and almost none of the leaves are bruised.
The Lundell economy material, Figure 21, shows scanewhat
more bruising of leaves and stems but not near as severe as
In the regular shredded material. Some of the stems are
slightly stripped.
The picture of long grass cut with the mower. Figure 22,
shows long unbrviised and uncut leaves and stems#
B, Influence of Pre-treatment on Silage Quality
The following experimental work was designed to compare
silage made from chopped and slnredded alfalfa. The compari
sons are made on the basis of measurements of pH, protein,
carotene and dry matter. The procedures used in chemical analy
ses are to be found in Appendix A» Palatability of the silage
* fj ^
pig. 19. Alfalfa cut with a
Lund©11 standard
Fig, 20. Alfalfa cut with a
G-ehl chopper
f-LL-
- A' -
Pig, 21. Alfalfa cut with a
Lundell economy machine
Pig, 22, Alfalfa cut with
a mower
-6Z-
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was observed in some instances. Temperature Is an Important
factor in the fermentation process and comparisons were made
between chopped and shi*edded silage under various conditions
of ten5>erature pattern#
1, Trench silo studies
During the operation of filling the Ankeny trench silo
in the summer of 1953> grass at 70 percent moisture was placed
in a 10 foot section of the trench so that half of section
contained Lundell material and the other half of the section
was filled with material cut by conventional choppers. While
no close control was exerted, all factors other than machine
pre-treatment were very nearly the same for both halves of
the section. The amount and manner of compaction were the
same for each side. Although the crop, a mixtwe of clovers
and alfalfa, was cut from various parts of the Ankeny Field
Station, loads placed in the eoiperimental section at the
same level were cut from the same general area. Thermo
couples were placed in the section and temperature measure
ments were made at intervals during the early part of ihe
ensiling period. Temperatures as high as 120®P were mea
sured during the first week after ensiling.
As the section was fed out during the winter, observa
tions were made and samples taken for chemical analysis*
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Samples were taken at three levels in the trench silo, A
was near the south end of the section, B near tiie north
end of the section. Table 10 shows results of the
analyses.
General observations of the silage were:
1. "Ifhen the section was reached, the cows ate a
big hole In the chopped side and tended to
avoid eating on the shredded side. They had
previously been eating the chopped material.
2. When the feed manger was not moved forward the
cows eventually evened both sides,
3« The beef foreman stated; a, when material
had to be cut out and fed, the chopped mater
ial was easier to feed, b, the Lundell
(shredded) material didn't have enough acidity
to be well preserved, c. he didn't like the
shredded material because it hadn't developed
the acidity that the chopped silage had.
A comparison in taste of the two silages
favored the shredded silage.
Prom Table 10 it can be seen that there is not a great
difference in pH between the two treatments, it is some
what surprising that the pH increases with depth. This is
contrary to many observations by other investigators.
Carotene observations are extremely variable. No con
sistent pattern of carotene preservation can be seen. There
are indications that the percentage of cxnide protein in the
dry matter of the silage may be sli^tly higher in the
shredded silage. Moisture content of the two silages were
essentially the same.
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Table 10, Analyses of samples taken from
Ankeny trench silo - winter 1953-5l|-
Sllage make-up
PH
Dry matter
percent
Moisture content
percent
Protein
percent on dry
matter basis
Caret ene
l^g dry matter
A m South end
B r North end
T
Chopped Shredded Chopped Shredded
1 5.IJ.5 5.60
2 I4..52
3 l)..28 1^23
1 23.0 2L.1).
2 26.2 21;. 7
3 2k'3 29.1
1 77.0 75.6
2 73.8 75-1
3 75.7 70.8
1
o
21.5 17.5
£
3 li.9 20.3
1 83.90 33.80
2 87.91^ 101.37
3 77.80 15.53
1 • BottCSQ
2 - Middle
3 = Top
5.35 5.I1.5
l)..36 --
I1..6I 1;.63
20.0 22.5
?li.0 19.5
22.U 22.9
80.0 77.5
76.0 80.5
77.6 77.1
19.9 214..1
15.3 30.0
18.2 ??.8
238.35 1+9.39
71J..63 117.90
73.68 117.58
-- No observation
In the summer of 195i|., experimental work was again car
ried out in the trench silo at the Ankeny Field Station. As
the filling operation was in progress at the trench silo, a 10
foot section of the trench was filled in such a manner that
the i^est half of the cross section of the 10 foot section con
tained only chopped material and the east half contained
- 83 -
shredded material® Thermocouples were placed in the section
as shown in Plgiire 23» Temperature readings were begian im
mediately, The grass was at an initial moisture content of
8l percent•
In order to get a rather complete picture of variations
in pH beti-reen chopped and shredded material ensiled in the
trench silo, a large number of samples were taken and pH deter
mined on a single cross section. Very little difference in
pH was observed. The pH values obtained are shown in Figure
2[|..
Results of analyses of 1955 Ankeny trench silo samples
are shown in Tables 11, 12, 13 and Ik. These tables also con
tain data pertaining to other work which will be referred to
later in a comparison of e:q)erlmental techniques. Two years
results of comparisons of chopped and shredded material show
no difference In pH due to pre-treatment in the trench silo,
as shown in Table 15» Results the first year indicated a
variation in pH with depth of silage, A similar variation in
pH with depth was not found during the second year,
Tsnperature data taken during the 1955 Ankeny trench silo
work are recorded in Appendix C. No statistical treatmait
was made of the data, Maximimi temperature recorded was
137.6*^F in the chopped material and 137.6°P in the shredded
material. The general temperature pattern seemed to be an
extremely rapid rise in temperature during the first few hours
CHOPPED
- 81^ -
SHREDDED
15 DA
- THERMOCOUPLES
- SAMPLE JAR
23. Plac^ent of thermo
couples and sample Jars
in experimental section -
Ankeny trench silo -
195U-55
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5.20 5.05
515
5.10
5.15 5.20 5.09
5.23 5.28 5.20
531 5.25 5.22 5.28 5.31
CHOPPED SHREDDED
Pig, Variation in pH - cross section
of experimental section, Ankeny
trench silo - 195if-19$5
5.18
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Table 11 . pH of silage stored In
three experimental methods
PH
Sample Silo .^ar Silage Laboratory .1ar
Chopped A 6.20 5.15 5.30
E 5,72 5.13 5.90
D 5.75 5.20 5.32
DE 6.05 5.26 5.33
DD 6.17 5.25 1;.95
m 5.80 5.20 5.15
Shredded A 5.30 5.25 14-.90
E lj-.95 5.15 1^.85
D 5.92 5.32 i4..80
DE 6.58 5.32 5.57
DD 6.i)B 5.25 5.62a
DA 5.05 5.25 5.70
Analysis of variance; Influence of experimental
storage method on pH of silage
Wholeplots
Blocks/V/P
Storage procedure
WP X SP
Residual (20)-l
Total 35-1
d.f,
1
10
2
2
19
3k
p];g(.95) . l(..38
Pig(.95) = 3.52
s. s. m*s»
.0685
.1806
1.33514.
. O6I4.6
.1299
1.
2.
2
7.
0685
8058
6708
1291
hi>7k-
lhl6
•px , *0685 ffT?
^19 " 7I2W =
:: 10.28
19 - "329
^Data missing. Value computed statistically.
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Table 12, Dry matter content of silage
stored in three experimental
methods
Dry matter percent ^
Sample Silo .^ar Silage Laboratory .jar
Chopped A
E
D
DE
DD
DA
Shredded A
E
D
DE
DD
DA
Analysis of variance:
Wholeplots
Blocks/WP
Storage procedure
WP X SP
Residual (20)-l
Total 35-1
P^g(.95) = li.38
ff9(.95) =3.52
18,15
16.56
16.3k
16.63
16.08
Xk.72.
17.20
17.U8
1I1..26
15.91).
16.22
17.86
19.70
18.30
l8.k6
17.86
18.52
18.50
18.23
15.90
18.21^
16.61
18.1|.2
17.99
19.3ii.
17.27
19. kO
18.7k
18.614:
19.09
18.Hi.
17.19
15.93
18.11
17.69^
17.33
Influence of experimental
storage method on diy matter
content of silage
d.f.
1
10
2
2
19
3l|.
s.s.
5.1076
12.0128
20.8236
3.31?8
16.56?[;
57.8252
m.s.
5.1076
1.2013
10.kll8
1.6579
.8719
pi _ 5.1076
19 = .8719 = 5.85
t?2 _ 10.kll8 ni,
^ - .3719 =
Data missing. Value coauputed statistically.
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Table 13« Protein content of silage stored
in three experimental methods
Protein - percent (dry matter basl^
Chopped
Shredded
Sample Silo .lar Silage Laboratory ;ar
A 20.01 18.86 22.1;5
E 22.53 18.72 23.70
D ?!i .kl 16.07 22.50
DE 2[|..66 19.36 23.52
DD 21.52 17.w 21.88
DA 27.91 19.55 19.28
A 20.96 16.03 20.1;6
E 20.09 18.Ilk 21;. 72
D 25.51^- 22.36 20.55
DE 22. ?2 19.8i|. 20.59
DD 21.3? 18.79 20.713-
DA 23.3? 19.71 21.31
Analysis of variance Influence of experimental
storage method on protein
content of silage
d.f. s.s. m.3.
Wholeplots 1 1.3650 1.3650
Blooks/WP 10 35.li.596 3.5l)-60
Storage procedure 2 110.5823 55.2912
WP s SP 2 7.3281 3.66t(.0
Residual (20)-l 19 79.3776 1;.1778
Total 35-1 % 231;.1126
p5;9(.95) r I4..38
P^g(.95) =3.52
TT,1 1.36^ TO-?
^19 '
= 13.23
""Data missing. Value computed statistically.
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Table ll|.» Carotene content of silage stored
in three experimental methods
Samt)le
Carotene - ^/r.r. of dry matter
Silo .jar Silan;e Laboratory .I'ar
Chopped A 205.3 277.1 166.2
E 206.2 226.8 179.3
D 208.2 382.7 230.0
DE 277.8 238.2 217.3
DD 259.7 178.8 250.3
DA 271.9 221.1 200.8
Shredded A 253.3 259.8 2OI1..3
E I8I1..9 398.l|. 195.5
D 261. 130.1 189.5
DE 286.1 227.9 207.3
DD II4.5.5 203.5 126.9a
DA 207.3 222.5 181.0
Analysis of variance
Wholeplots
Blocks/V/P
Storage procedure
WP X SP
Residual (20)-l
Total 35-1
Influence of experimental
storage methods on carotene
content of silage
d.f. s, 3.
1 2712.68
10 29669.92
2 16610.87
2 157.90
19 6L1JLI6.62
3k 113267.99
m*s«
2713.
2967»
8305.
78.95
3375.
P];g(.95) =1^.38
P2^(.95) =3.53
pi _
p2
19
2713
337F
8305
7375
• 803
2.14.6
®-Data missing. Value computed statistically#
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after the material was placed in the silo. As filling and
oompaction continued the temperature dropped off to some
extent. A second peak in the temperature pattern was
reached the fifth and sixth days after ensiling. Temper
atures were somewhat lower in the chopped material during
the second peak than in the shredded material.
Table 15. Average pH values in silage -
Ankeny trench silo - two years
Shred Chop
19^3 I4..8O 1J-.76
1951|. 5.20 5.21
It was noticed both years that there was an apparent
cattle preference for chopped over shredded silage. This is
an informal observation. It is not the result of a carefully
designed and controlled feeding trial. However, the observa
tion was made several times that the cattle ate more readily
on the silage which had been chopped. Figure 25 shows a
photograph which was taken when the cattle were feeding in
the experimental section of the trench silo in 1955, The
face of silage had been even on the previous day. It can be
1X1 H
^ r,i .
,Pig. 25. Experimental section
of trench silo
-26-
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seen from the shadows of the manner bars that considerably
more silage has been eaten from the left side than from the
ri^t. The left side is the chopped silage.
2, Comparison of storage techniques
for" experimental work
The large number of variables in the ensiling ptrocess
make evaluation of the effect of any one treatment extremely
difficult# Since a great deal of control can be exerted on
experimental conditions vihere silage is made in laboratory
containers tinder laboratoiTy conditions. It would be desirable
to depend heavily on laboratory techniques In silage studies#
Chopped and shredded silage was made in laboratory containers,
This section compares various methods of storage in experi
mental work#
During the ensiling operations at liie trench silo,
twenty-four jars were filled with chopped and shredded mater
ial# Twelve of the jars were placed in the trench silo in
the manner shown In Figure 23# ThexTiiocouples were placed in
the silage just adjacent to the jars. The remaining twelve
jars were brought back to the laboratoiy and stored in the
laboratory cabinet# Initial samples were taken for analyses.
The jars were removed from the trench silo as the silage
was fed out durli^ the winter. The first jars were removed
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on January 1, 1955, and the 3ast jars ware removed by Feb
ruary 10, 1955» As each jar was removed from the trench,
a sample of silage was taken from the area immediately sup-
roiinding the jar. Thus, samples were analyzed of grass
silage preserved in different manners. For any point, say
DE, the jars were filled frcsu grass at that point as the
silo was filled and the three samples, 1, silo jar, lab
oratory jar, 3, silo, were from the same load of grass.
Silo jars consisted of one-qmrt mason jars packed to
a density of thirty pounds per cubic foot, which were placed
in the trench silo as it was being filled. Thus, these ex
perimental jars had a temperature pattern imposed upon them
which was tiat of the trench silo*
Laboratory jars were packed in the same manner as the
silo jars but were then brought back to the laboratory and
stored in a laboratory cabinet and, hence, a different temper
ature pattern. The silage in the silo jars were subjected to
toaperatures ranging up to 130'^F. The laboratory jars re
mained close to the summertime teii5)eratures of 80 to 90of
in the laboratory cabinet#
The treatment of the silage in the trench silo differed
from the laboratory jar silage in temperature pattern. The
treatment of ttie trench silage also differed from ttie silo
jars and the laboratory jars in canpaction pattern. The
silo and laboratory jars were immediately compacted to thirty
- 95 -
pounds per cubic foot density by hand. This was the final
density of the silage. After the jar was sealed no change
could take place. The silage was compacted with a tractor*
Pilling proceeded at a rate of about a foot a day. Inter
ruptions due to rain, weekends and other things occurred as
would be expected in a large scale operation* The silage in
the silo attained its final density over a period of time as
a result of settlement under the wel^t of the silage itself
and as a result of the action of the tractor.
Results of analyses of silage from the three different
methods of storage are presented in Tald.es 11, 12, 13 and ll|..
Statistical analysis of the data Indicate that there was no
significant difference between chopped and shredded material
in pH« There was a significant difference between storage
methods on the pH value. Ezamlnation of the data shows that
the differences In pH were between the silage from the trench
and the jar silage from the trench# There was no difference
between trench silage and laboratory jar silage In pH.
There was some Indication from results in the trench silo
in 1953 of slightly higher protein content of the shredded
material. In the comparison of storage methods the second
year there was no significant difference in protein between
chopped and shredded material. There was a significant dif
ference In protein due to storage methods. An examination of
the data here shews that there was little difference between
- 96 -
the two jar methods of storage, but there appeared to be a
loss of protein In the trench silage.
Carotene determinations both years had such a great
amount of variation that no statements can be made as to
comparisons of the carotene content of chopped and shredded
silage* Statistical tests of storage method comparisons
showed no difference in carotene between pre-treatment or
storage method.
There was a sigjiiflcant difference in d3?y matter be
tween pre-treatment and also between storage method. It
appears that the chopped xnaterlal had higher dry matter in
the case of the trench silage and laboratory jar silage.
There also appears to be lower dry matter in the silo jar
than In trench or laboratory jar silage in both shredded
and chopped material. In the 1953 work there was no dif
ference in dry matter between chopped and shredded silage.
An experiment was designed to probe the possibility of
developing a laboratory technique of sample storage which
would Introduce a temperature pattern on laboratory silage.
Insulation of a jar might retain the heat produced in the
Jar and cause a temperature rise corresponding to rises
actually found In a trench silo.
One-quart glass jars were filled with various weights
of grass cut with the Lundell machine and with the Gehl
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chopper# During filling a thermocouple was placed in each
jar. The tops were sealed with paraffin shortly after the
filling was completed.
Temperature readings were taken at intervals during the
ensiling period. The jars were stored under two different
conditions. One-half of the jars were stored in a cabinet
which was at room temperature and the other half of the jars
were stored in cardboard boxes containing ground corn cobs
as insulating itaterial# Each jar was insulated by approxi
mately six Inches of corn cobs.
The jars were removed from storage after sixty-six
days. Some molding took place in the upper portion of the
jars. Photographs were taken to record relative simounts
of molding which had occurred. These pictures are shown in
Fi^^res 26, 27, 26 and 29. The seals were inspected and no
obvious leaks in the seals were found. It is possible,
however, that air was able to enter the jars where t3ae thermo
couple wire came out of the jar lids. Analyses were made of
eight jars of chopped and shredded material. Resiats of
these analyses are shown in Table 16. Temperature data
show that during the first two days, insulated bottles were
about l.?°P higher temperature than bottles stored in the
room cabinet. There was no significant difference between
chopped and shredded material as far as temperature rise is
concerned.
- 6?
Pig, 26» Chopped silage In
uninsulated jars
Pig. 27, Shredded silage in
uninsulated jars
S
iI
g
v
O
Pig, 28, Chopped silage in
insulated jars
Fig. 29. Shredded silage in
insulated jars
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Not enough samples were analyzed to give strong Indica
tions of differences between chopped and shredded material
or between storage procedures in this experiment.
Records of teirperatures in the ins\ilated and laninsulated
jars during the ensiling period are presented in Appendix C«
After the first few days temperatures in both the insulated
and uninsulated containers varied v/ith room tanperature and
there was little difference between them#
3* Rate of chemical changes
lander laboratory conditions
, Sixteen one-gallon jars of silage were put up on Septem
ber 21, 1953 in the following manner;
A swath of alfalfa was shredded with the Lundell machine
at the Ankeny farm. The material was blown into the bed of
a truck. Eight jars were filled with this material. Samples
were picked at random from the pile in the truck. Pour
pounds were placed in each bottle. The last two inches were
compacted with a wrench handle. The filling operation was
completed at 2:30 p.m. The truck bed was then cleaned.
The laigth of cut of the Pox machine was set for 1/2 inch,
the cutter bar height was adjusted so that the height of out
was the same as that of the Lundell machine, and a swath was
cut adjacent to the previously cut swath. Procedure in
filling the jars was the same as before. The work was
- 1014- -
completed at 3:30 p.m. and the jars were sealed vrlth paraffin
by 5:30 p,m.
The following observations were made;
1« Shredded material had a imch wetter feel.
2m Fox machine left more leaves on the ground
than the Lundell.
3» Shredded material seemed easier to pack in
jars,
Ll., There -was obvious visual difference in the
two materials.
The grass was packed to a density of thirty pounds per
cubic foot. The series were opened in pairs, one shredded
and one chopped, at intervals of 1, 3* 7, llij 21, 28^ 56
and 8l|. days. Analyses were made of carotene, pH, protein,
dry matter and volatile acids. Results of these analyses
are presented in Figures 30, 31, 32 and 33»
There appears to be no change in protein during the
ensiling period and there is no difference between chopped
and shredded material in protein. After one day the pH of
the sliredded material was lov/er than the chopped material.
The pH reratined lower throu^out the entire ensiling period.
Carotene dropped sharply between the first and third days.
In both chopped and shredded material. After the third day
the carotene content of the shredded material began to rise
and continued to rise until it was higher than values ob
served on the first day. The carotene remained at a much
Xo.
0
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CHOPPED
o SHREDDED
20 40 60 80
TIME AFTER ENSILING — DAYS
Fig, 32« Changes in protein
content
TIME AFTER
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ENSILING — DAYS
Pig- 33. Changes in acetic and
butyric acid content
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lower value in the chopped silage tlmn in the shredded
silage, A gradual rise was noted through the ensiling
period.
Determinations of the volatile fatty acids Indicate
that the shredded material was higher in acetic acid content
and "ixityric acid content than the chopped rnaterial®
C. Compaction Studies
Proper compaction of grass is one of the most critical
factors in production of grass silage. In evaluating the
effect of shredding, in comparison with conventionally
chopped grass in silage production, it is desirable to com
pare the compaction qualities of the pre-treated grass.
Since field observations of compaction and settlement of
grass are difficult to make, laboratory studies were designed
to obtain a comparison between chopped and shredded grass
under various laboratory conditions of compaction#
1, Static congjaction
In order to study settlement of silage under various
static loads, laboratory silos vrere constructed similar to
the description of laboratory silos used at the Ohio Agri
cultural Experiment Station (20), At the Ohio station,
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glass pipe and later glass-lined pipe were used for silos.
In the work to be described here, an 18 inch section of
6 inch galvanized pipe was used as the silo# The inside was
coated with boiled linseed oil just prior to filling the
silo. This was done to prevent corrosion of the pipe in con
tact with silage juices and acids. In order to facilitate
removal of the silage the pipe was threaded on one end and
a 6 inch pipe flange was used to fasten the assembly to the
supporting bench, A piece of 20 gage galvanized sheet metal
was placed between the flange and the bench to protect the
wood from the silage juice, A l/k inch hole was drilled
through the sheet metal and bench to accommodate the copper
drain tube. The copper tube was placed in the hole and the
upper end flared, A pint jar was used to collect the
seepage. A screw-on type lid was used, A hole was punched
in the lid and tte lid was slipped onto the copper tube.
The lower end of the copper tube was flared. The f!lare sup
ported the pint jar. The seal between the lid and the copper
tube is not tight. Thus the jar is always at atmospheric
pressure, A seal between the sheet metal silo floor and the
flange is attained by use of Permatex Wo, 1, a fast drying,
hard setting pipe sealing compound, A heavy grease was put
on the threads of the 6 inch pipe to act as the seal between
ths pipe and the flange. This proved somewhat unsatisfactory
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as will be discussed later but was done to facilitate easy
removal of the pipe for emptying the silage.
Pressure is applied to the silage by means of a piston
and weight rack assembly# The framework of the assembly was
made up of threaded 3Al- inch pipe and fittings. The piston
was made of 3/k- inch white pine and attached to the frame
work by means of a 3/k- inch floor flange and screws. The
piston was given a single coat of Indus 32, a Vinyl plastic
base paint, as protection against silage juices* The weight
rack was made of 3/h inch scrap lumber.
The interior of the silo was sealed from the room air by
means of a plastic bag# A rubber band was placed on the
piston rod. A one inch hole was cut in the bottom of the
plastic bag and it, too, was slipped on the piston rod before
the piston was put on. A rubber band was also placed aroxmd
the 6 inch pipe, Wcien the piston and weight rack assembly
were put into place after the silo was filled the rubber bands
were used to hold the plastic bag tightly against the outside
of the silo pipe and the piston rod. This arrangement traps
some air around the top of the piston to start with but
allowed free settlement of the piston and variation in silo
gas pressure. It also prevented rapid evaporation of the
grass moisture and silage juices. Figures 3U-* 35 and 36
show details of construction.
6 GALVANIZED PIPE
COATED ON INSIDE
WITH BOILED LINSEED
OIL-
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laboratory silos
H K
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The laboratory silos were filled on Jvine 2>. Mature
alfalfa was cut on the Agricultural Engineering Farm in the
afternoon of that day. The first batch was cut with a John
Deere Field Chopper set for a theoretical cut of 1/2 Inch,
The chopped material was blown into the bod of a pick-up
truck and transported Immediately to the Agricultural Engi
neering building* Filling of the laboratory silos began
Immediately* This was the filling procedure: Scales were
set up in the laboratory and set to balance a cardboard box
and 9«0 pounds, of grass. The truck was backed up to the
door of the laboratory. The box was filled with grass mtll
the scales balanced. The silos were filled with the 9 pounds
of grass. Hand-packing was required and some effort was
necessary to get that quantity of material in the silos.
Silos 6, 7 and 8 were filled with the first batch of
material.
The second batch of material was cut with the Lundell
machine and ccnstituted tlie shredded material for the exper
iment. The observation was made that the shredding was not as
complete as bad previously been accomplished by the machine.
This was probably due to the fact that mechanical difficulties
prevented desired speed of operation of the machine. Again
the material was brought immediately to the laboratory and
the same filling procedire used. In all cases weights were
- lliv -
placed on the rack as soon as possible after the filling was
completed. After the first fovir silos were filled a reading
of initial settlement was made, and when the second four
silos were filled an initial settlemait reading was made on
than also. Pilling was completed by 5:30 p.m. At 7:30
seepage was well under way in silo number six which contained
chopped material londer the heaviest load. At the time of the
initial reading, a mark was made on the weight rack frame level
with the top of the support bench# Subsequent readings were
made from the bench top down to the mark. The readings were
made to the nearest 1/61^. of an inch# Periodic readings of
the settlement were made and the intervals between readings
were lengthened as the rate of settlement became less. After
four weeks settlement was very slow. Rate of seepage had also
decreased.
During the first night leakage began around the flar^e of
silos numbers six and seven. An atteinpt was made to seal the
leak with Permatex, This eventually stopped the leak. An
estimate of the amount o f seepage lost was made at the time.
It was noted that va*y little seepage occurred from silo num
ber three. It is possible that the drainage hole was par
tially plugged, Hovxever, if this were the case, leakage around
the flange of silo number three would have been expected.
This did not occxa? and for 1±iat reason it is doubted that the
drainage hole was plugp:ed#
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It was noted that the first seepage that came from the
silos was dark in color and had a fresh grass smell# After
about twnety-four hours the seepage that came out was much
lifter in color and the collecting jars soon had a rather
curdy looking deposit on the bottom, cream color in appear
ance and only slightly soluble in the seepage juice#
The weights which were put on the wei^t rack were in
tended to make up applied pressures of 2, l]., 7 and 10 psi»
It was felt tlat these weights would give adequate coverage
of pressure ranges ordinarily met in silage storage.
An infomal observation made by a number of different
people seemed to be that the silage with the most weight had
the best smeU, The silage with the least wei^t had a
slight amnionia odor#
The laboratory silos were filled for the second run
August i|.. The physical setup was charged just slightly# A
false bottom was made for each silo to facilitate seepage#
Eight 3/li. inch sections of pipe were cut# The OD of the
pipe was such that it gave a good loose fit inside of the
silo pipe# This 3/Li. inch piece acts as support for liie
false bottom. The bottoms were inade of heavy gage sheet
metal# Eleven rather evenly spaced holes, l/l\. inch diameter
were drilled into each bottom. They were given a coat of
linseed oil before being placed in the silo# Late in the
evening of August 3rd some alfalfa was chopped and brought
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into the laboratory. It was found that the alfalfa was of
such advanced maturity and moisture content was so low that
it was extremely difficult to get nine pounds of material
into the silos. However, during the night there was a very
good rainfall and the material was cut to ensile early the
next morning. The Lundell material was cut at 7:30 a.m. and
the chopped material was cut using tbe Gehl chopper set to
cut a theoretical 1/2 inch at approximately 8:14.5 a.m. It was
a cool cloudy morning and it is believed that very little dry
ing took place between cutting times. Initial moisture con
tent determination showed shredded material was 77*0 percent
moisture and chopped rtaterial was 78.2 percent moisture,
The material was cut from a very pure stand of alfalfa at ths
Beech Street farm. The alfalfa had been saved for experi
mental work and was in a rather advanced stage of maturity
though the leaves had not begun to turn brown at the bottom.
It was observed that it was easier to ,get the required
weight of chopped material in the silo than shredded material.
A non-hardening Permatex was used to seal between pipe
and flange. Measurements of settlement were begun itnmed-
iately and continued at three hour intervals throughout the
first twenty-four hours. The Interval was lengthened as
rate of settlement decreased. The silos were emptied on
September 8th and samples were taken for analysis.
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The silos were filled for the third time September 10.
There was no change in the physical setup, A very immature
third cutting of alfalfa was used from the Beech Street farm,
Silos 1, 3» 5 and 7 were filled with chopped material. The
chopped laatorial was cut at 2:00 p.m. Shredded material was
cut at 5:30 p»bi. Pilling of the silos was completed at
6:30 p.m. The silos were emptied on October l5» 19$ll.»
As the laboratory silos were emptied after each r\in the
material removed from each silo was weighed and samples were
taken fcr analysis. These samples were stored in a refrig
erator until the analyses could be completed. Results of
the analyses are presented in Tables 17, l8 and 19*
Prom the statistical analysis of the various chemical
analyses, the following relationships were found between
chopped and shredded grass ensiled in laboratory silos: pH
is significantly lower in shredded material than in chopped
material. There was no difference betv/een dry matter in
shredded silage and chopped silage. Protein was slightly
lower in shredded silage than in chopped silage. Analyses
were also made of carotene. However, some of the samples
of silage for carotene were stored in a regrigerator for too
long a period before the analyses were performed. Highly
variable results were obtained and it is felt that the de
terminations were of little value.
Table 17.
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pH in silage of
laboratory silos
--
PH
Applied
pressure Run
Moisture
content Chopped Shredded
2 psl 1 5.35 5.10
2 77.6 ^.70 11-.57
3 79.2 5.00 I+.58
U psl 1 TLi-li 5.1^5
2 77.6 5.12 lj-.55
3 79.2 5.06 I1..90
7 psl 1 7hr4 5.80 I4-.80
2 77.6 l^.65 1)..63
3 79.2 5.22 I+.82
10 psi 1 77.14- 5.62 l)..75
2 77.6 k. 70 li.kS
3 79.2 5.18 kM
Analysis of variance: Influence of pressure and
treatment on pH in silage
of laboratory silos
d.f. s.s m.s.
Reps 2 1.2100 .6050
Pressure 3 .0532 .0177
Treatment 1 .9963 .9963
P X T 3 .01^29 .0111.3
R X T 2 .1999 .1000
R X P 6 .1063 .0177
R X P X T 6 .2366 .0394
Pooled Ik .5)-!.28 .0385
Total 23 2.8/i5l
4 (.95) = 1|.60 = 25.7
(.95) = 3.3I4.
II
Applied
•pressure
2 psi
[l psi
7 psl
10 psi
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Table l8« Dry matter in silage
of laboratory silos
Run
1
2
3
1
2
3
1
2
3
1
2
3
Moisture
content
77.6
79.2
7I4.4
77.6
79.2
77.6
79.2
7k^
77.6
79.2
Dry matter - percent
Chopped Shredded
22.86
22,12
16.83
21.73
21.ti.l
21.75
25.1l6
22.87
21.07
27.05
27.85
30.06
21.60
22.66
21.32
23.93
22.87
21.29
23.57
25.00
23.2l(.
28.12
21^.95
28.08
Analysis of variance Influence of pressure and
treatment on dry matter in
silage of laboratory silos
Reps
Pressure
Treatanent
P X T
R X T
R X P
R X P X T
Pooled
Total
d.f.
2
3
1
3
2
6
6
11^
23
P^(.95) =/4-.6O
3.38P^(.95)
s.s.
U.7lli-i
136.9291
."^310
5.0852
.2760
16.8980
Ik.8857
32.0597
179.3191
= .232
. 19.93
m.s
1^-5.61130
.5310
1.6951
.1380
2.8163
2.1}.810
2.2899
Applied
pres sure
2 psi
k- PSi
7 psi
10 psi
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Table 19, Protein in silage of
laboratory silos
Run
1
2
3
1
2
3
1
2
3
1
2
3
Moisture
content
77.6
79.2
7a .ii
77.6
79.2
7l^.U
77.6
79.2
77.6
79.2
Protein - Percent
(Dry matter basis )
Chopped Shredded
19.I.I.6
13.1|3
28.10
19.83
19.3?
25.17
19.23
II1..3L1-
29.52
18.81
16.85
2l)..91
20.96
114..11J
22.19
18.82
16.86
19.91).
21.17
l)L.k5
21.60
19.35
1^.35
18.50
Analysis of variance: Influence of pressure and
treatment on protein in
silage of laboratory silos
Reps
Pressure
Treatment
P X T
R X T
R X P
R X P X
Pooled
Total
T
d.f.
2
3
1
3
2
6
6
23
F^(.95) =14..60
(.95) r 3.38
11).
s.s.
273.6223
6.08914.
29.6371
2.7658
51).. 7293
39.5511-5
6.0613
lOO.3lj.5i
14.12.11.597
= 2.83
14
m.a.
136.8112
2.0298
29.6371
.9219
27.361{.6
6.592I1.
1.0102
7.1675
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Data were taken vftiich were intended to give indications
of differences in rate of settlement. These data are re
corded in Appendix D. It appears that there is little dif
ference in the rate of sett lament. However, there was a
significant difference in total settlement between chopped
and shredded material, as shox^m in Table 20» The chopped
material bad greater amomts of settlement in two of the
three runs. Statistical analysis of the data shovrs that
there is also si^ificant interaction. This means that
factors other than just applied pressvtre and mechanical pre-
treatment affect the amount of settlement which occurs when
grass is ensiled in laboratory silos. Probably factors such
as maturity of the grass, length and strength of stems,
moisture content, and the relationship between length of
stem and diameter of silo has considerable effect on settle
ment. There was a good deal of variation in these factors
between the different runs particularly in moisture content
and Tiatur ity •
Final densities of silage in the laboratory silos were
computed from weight and volume of grass rmoved when the
silos were emptied. Thetpe was no difference fotmd between
chopped and shredded grass silage densities from labopatory
silos# Tables 21, 22, 23 and 2I.J. show information obtained
from the laboratory studies. Information computed on dry
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Table 20, Total settlement of
silage in laboratory
silos
Total settlement - inches
Choppe d
Applied
pre ssure
2 psi
ij. psi
7 psi
10 psi
Run
1
2
3
1
2
3
1
2
3
1
2
3
Moistvn?e
content
Tk.k
77.6
79.2
7li.k
77.6
79.2
71j-.Li.
77.6
79.2
71|.!+
77.6
79.2
7.16
6.7k
10.3k
9.hk
B.k3
12.00
10.81
10.38
13.00
11.36
11.50
liL.OO
Shredded
6.33
3.87
7.62
9.69
8.25
9.88
IO.8I4.
9.39
11.88
12.1^2
10.25
13.25
Analysis of variance; Inflxience of pressure and
treatjnent on settlement of
silage in laboratory silos
d.f. s.s.
Reps 2 33.9801).
Pressure 3 88.3093
Treatment 1 5.5008
P X T 3 2.937k
R X T 2 3.6575
R X P 6 .9187
R X P X T 6 1.1027
Pooled Ik 5.6792
Total 23 136.14.071
.95) = k.60 4, =^2-56
.95) = 3.38 = 72.57
in* s •
29.k36k
5.^008
l.k687
1.8289
.1531
.1838
.1.I.056
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Table 21, Weight of silage removed
from laboratory silos
Applied
pres siare Rim
Moisture
content
Weight of silage removed
in pounds
Chopoed Shredded
2 psi 1 714-4 a.iiii 8.60
2 77.6 8.13 8.82
3 79.2 7.0? 8.01
k Psl 1 7.85 8.07
2 77.6 7.59 7.92
3 79.2 6.07 7.11J.
7 psi 1 7)4-4- 7.29 7.32
2 77.6 6.96 7.61l
3 79.2 5.12 5.95
10 psi 1 7li4 6.73 6.33
2 77.6 6.ij.0 6.79
3 79.2 l|-.li!. 5.07
Analysis of varian ce : Influence of pressure and
treatment on the weight of
silage ronoved from laboratory
silos
d,f. s.s. m. s.
Reps 2 11.7900 5.8950
Pressure 3 16.9818 5.6606
Treatment 1 l.ltll.55 1.1(455
P X T 3 .07ii3 .02k6
R X T 2 .8961 .l|f|8o
R X P
R X P X T
6
6
.8726
.llUl.
.ili51j.
.oi86
Pooled 1.8801 .1314.3
Total 23 32.1717
95) r ^.60 "Ji, =
95) = 3.38 p3 = k2.11(.
11). ^
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Table 22. Final densities of silage
in laboratory silos
Applied
pressure Run
Moisture
content
Final densities -
pounds/cu.ft#
Chopped Shredded
2 psi 1 Ih.h ll-l.S 39.11
2 77.6 38.5 3ti..0
3 79.2 I4.9.6 lt.2.2
psi 1 W.s 50.If.
2 77.6 1).2.8
3 79.2 ?0.1 fi8.8
7 psi 1 51.3 51.5
2 77.6 II.7.6 lj.2.2
3 79.2 li.9.6 51.3
10 psi 1 7l|..k 50.6 56.0
2 77.6 1(7.7
3 79.2 53.)+ 55.9
Analysis of variance: Influence of pressure and
treatment on final densities
of silage in laboratory silos
Reps
Pressva?e
Treatment -
P X T
R X T
R X P
R X P X T
Pooled
Total
d.f.
2
3
1
3
2
6
6
11^
23
P^(.95) =t^.60
P^(.95) s 3.36
s.s.
21i6,614.
363.61!.
k.k2
35.90
20.02
2^.11
21.89
67.02
717.62
= .923
= 25.30
m* s»
121.21
lt..k2
11.97
10.01
3.614.83
k.79
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Table 23» Total seepage of silage
in laboratory silos
Applied
pressure Run
Moisture
content
Total s
Chopped
eepap;© - ml.
Shredded
2 psi 1 7li-.li 78 13
2 77.6 232 0
3 79.2 7lt.O 300
l{. psi 1 7L!..!} 306 253
2 77.6 i4v6 371
3 79.2 liioo 665
7 psi 1 7U4 519 356
2 77.6 79^ U69
3 79.2 114-35 1185
10 pal 1 7h^h 713 920
2 77.6 10[}.0 627
3 79.2 1725 1250
Analysis of variance: Influence of pressure and
treatment on seepage of
silage in laboratory silos
Reps
Pressure
Treatment
P X T
R X T
R X P
H X P X T
Pooled
Total
d.f.
2
3
1
3
2
6
6
lU
23
= U.60
Pll^(.95) = 3.31J-
s.s.
217t)-.ei9
2327.683
331.115
12.875
210.072
89.1|.89
100.361
399.922
521+6.1^.111.
= 11.59
r 27.16
m*s
775.8914-
331.115
14-292
105.036
Ii4-.915
16.727
26.566
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Table 21^.. Percentage of dry matter lost during
ensiling in laboratory silos
Applied
pressure Run
Moisture
content
Percent of dry matter
lost
Chopped Shredded
2 psi 1 Iluk Ib.h 20.2
2 77.6 6.2 3.I1
3 79.2 26a 12.3
k psi 1 25.0 17.2
2 77.6 16.7 12.6
3 79.2 26.7 22.1
7 psi 1 7Il.1l iQ.k 25.8
2 77.6 18.9 7.7
3 79.2 ip.o 29.2
10 psi 1 7i|..l4. 20.2 23.6
2 77.6 9.2 15.0
3 79.2 36.1 27.2
Analysis of variance Influence of pressure and
treatment on percentage of
dry matter lost during ensiling
in laboratory silos
Reps
Pressure
Treatment
P X T
R X T
R X P
R X P X T
Pooled
Total
d.f,
2
3
1
3
2
6
6
14
23
f]^(.95) =1;.60
P3^(.95) =3.38
s.s.
1030.8l7tv
281|,.8979
83.2^37
29.9511-6
131.7226
123.9I|-50
133.771a
389.1Ul26
1818.3662
= 3.06
, 3.(a
m. 3
9lt..9660
83.2537
9.98L1.9
65.8613
20.6576
22.2957
27.817
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matter lost during the ensiling period and the amount of
weight loss due to seepage is tabulated in Appendix D,
Figure 37 is a plot showing average amounts of seepage
which occurred during the ensiling period. The amoiont of
seepage was proportional to the pressure applied to the
silage and chopped silage had greater amounts of seepage
than shredded material#
2. Dynamic compaction
Dynamic ccanpactlon tests were performed to determine
the effect of shredding and chopping on the compactability
of grass. The tests were made in one of the laboratory
silos when it was not being used in other tests* By use of
a suitable arrangement of a weight and plunger, a 20 pound
weight was dropped on the grass in the 6 inch pipe from a
height of 2 feet# The weight was dropped ten times. The
amount of settlement was measured after each drop#
In test one the alfalfa used was rather mature. Its
moisture content was 69.8 percent. Some effort was required
to get 6 pounds of grass into the cylinder for each trial.
Ten trials were made for chopped material, all from the
same cutting of grass. Ten trials were also made for shred
ded material. A^in the grass for all ten trials was cut
at the same time#
1200
1000
< 600
U.
O 400
0
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37• Relationship of seepage
and applied pressure in
laboratory silos
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Test two was conducted later in the smraner. The
alfalfa was third cutting material. It was considerably
less mature than the grass used in test one. The moisture
content was 79.2 percent. About the same effort was re
quired to get seven pounds of grass into the cylinder as
was needed to put six poiinds of grass into the cylinder in
test one. Test two was performed in the same manner as
test one.
Data on settlement of the grass under dynamic loading
are recorded in Appendix G. Figures 38 and 39 show the
plotted data. In test one shown in Figure 38, chopped grass
settled a greater amount than the shredded material. In
test tiro. Figure 39, under differ^t conditions of mturity
and moisture content, the reverse relationship was found.
Shredded mterial in test two settled more than the chopped
material.
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VI. DISCUSSION
A. Physical Characterization
The first objective of this study was to adequately
describe the physical <3ifferences between shredded and
chopped grass ♦ Three aspects of physical conditions of
shredding material needed to be described. These were;
1, length of cut, 2. surface damage, and 3* texture.
The average length of cut of a particular machine is
not highly descriptive of the nature of the material pro
duced by the machine. In the work presented here a fre
quency distribution of length of cut was very Interesting,
From the frequency distribution a number of things can be
compared quickly between chopped and shredded material. The
peak in the frequency curve came at 1/2 inch for the Gehl
chopper which was set fCD? a half inch theoretical cut. The
peak came at 1 inch for the Lundell standard and at 2 inches
for the Lundell economy machine. The average length of cut
on the chopper was somewhat less than 1 inch# The averages
of ths shredding machines were longer. There was a greater
range to the laigth of pieces In shredded grass than In
chopped grass. There was no interval of length in the shred
ded material which contained as many pieces as were in the
interval about 1/2 inch in the chopped material#
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The Trequency distribution adequately describes the
uniformity and shortness chopped grass compared to shred
ded grass» The distribution was made on the basis of n\amber
of pieces in a certain length interval.
A surface damage indicator was developed to measure the
second condition of shredded material. Tests were made in
the field using the surface dsunage indicator to compare
chopped, shredded and long grass • These tests were made
lander only one moisture content condition of the grass. If
the indicator is to be further developed into a more abso
lute measure of surface damage it must be realized that the
surface damage readings are a fxanction of the plant moisture
content to some extent. It may be feat this difficulty is
not of too great a magnitude if limits are placed on the use
of the indicator to the usual moisture content range ordin
arily met in silage making.
Long grass showed very little rise in pressure readings
and then a very sudden rise in pressure. The sudden rise is
even more pronounced than is indicated on the curve because
the curve is an average of five runs. The rise did not
occur at the exact same time in each run. Averaging the
values tended to smooth out the curve to some extent. The
original data shows that a rise of about IjJ. psi/l5 sec#
occurred when the pressure began to rise while only a rate
of rise of 19.2 psi/l5 sec. was indicated from the curve.
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The abrupt change in the rate of pressvire rise in sur
face damage indicator with long grass was probably due to
a sudden collapse or rupture in the plant cell membrane
tissue. According to Dr. Lind of the Botany Department,
such a collapse or rupture could occur through pressure or
temperature action on the plant tissue or a chemical attack
of acetylene gas upon the cell meiribrane. There are areas
of the cell membrane ijliloh are composed of a fatty-like
material# It is supposed that these areas would react
chemically with the acetylene.
Results from the surface damage indicator were somewhat
variable. The indicator was being developed as a field
technique and no attempt was made to decrease the variability
of readings through use of a more exacting procedure.
Photographs were izsed to describe the ragged text^Ire of
the shredded grass compared to the chopped grass. These
pictures show in some detail the manner in which the shred
ding action occurs.
B. Influence of Pre-treatment on Silage Qixality
Field studies were carried out in a trench silo to show
differences in chopped and shredded material under field con
ditions, A study was also carried out in which comparable
jars of chopped and shredded silage were stored in a
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laboratory cabinet and in the silage in the trench silo»
As the jars were removed from the silo, samples were taken
of silage Jjnmediately surrounding the Jar in the silo. The
samples were all of essentially similar grass originally#
The silage in Jars stored In the laboratory and in the silo
showed slightly but not significantly lower pH in the shred
ded silage than In the chopped material. On the whole, for
the tiiree storage methods there was no difference between
chopped and shredded grass in pH.
The silo jar silage had higher pH than the silage from
laboratory jars or the silo. The laboratory jars more near
ly represented the field silage as far as pH and dry matter
determinaticns were concerned than jars actually stored In
the field silage. The silo Jar silage had a lower dry mat
ter content. The ptpimary difference between ensiling con
ditions of laboratory jars and silo jars was the much
higher temperatures imposed upon the silo jars. There are
indications that the fermentation \«i3 highly Inhibited in
the silo jars, presumably by the high temperature. The high
teircerature did not cause a similar inhibition In silage
adjacent to the silo jars,
A breakdown of protein occurred in the silage. The
silo jar and laboratory jar silage were about the same In
protein and were significantly higher In protein on a dry
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matter basis than the trench silage. From this information
it would seem that protein loss in silage does not come
about as a result of high temperature alone bu.t is a func
tion of the whole fermentation process as influenced by
temperatures, rate and manner of compaction and amount of
compaction*
Work was done in one-quart glass Jars to see if temper
atures and the temperature pattern under laboratory con
ditions could be made to approximate more closely those met
in the field. The work was not entirely successful. Only
small differences in temperature were obtained betv/een room
storage and insulated glass jars. There was not enough
samples studied to give strong indications of the effect of
insulating the jars. The matter of insulation of laboratory
containers should possibly be pursued no farther but seme
effective means of imposing temperature patterns on labora
tory containers ^diich are similar to field conditions shotxld
be found,
C, Compaction Studies
Static compaction or settlement of silage under a static
load was studied imder laboratory conditions. Three runs
were made. Maturity and moisture content of the alfalfa
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used varied with the three runs. Measurements of rate of
settlement, total amoiint of settlement, total amounts of
seepage, weight of silage removed and chemical analyses
were niade»
The rate of settlement information was so variable
with the runs that no attempt was irade to use it in com
paring settlement rates of shredded and chopped material#
The total amount of settlem.ent was found to be greater for
chopped grass than for shredded grass# Hoijever, there was
interaction in the settlement data showing that iinder dif
ferent conditions of maturity and moisture content, weight
or applied pressure does not have a consistent effect on
the rate and amount of settlemait#
In the laboratory silos pH was found to be lower in the
chopped material# Seepage was greater from chopped material
than from shredded. Moisture may mcwe from plant tissue much
more readily from a cut edge, particularly on a stem, than
from bruised tissue, which would account for part of the
greater seepage from chopped material.
The greater amount of seepage from chopped material Is
not in itself a bad thing nor does it necessarily represent
a great loss of nutritive value. However, the amount of
seepage is a function of the fementation process# Part of
the excessive moisture which drains frc^ the silo is formed
as a result of breakdown of carbohydrates. If the greater
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seepage from chopped material was due to a difference in
the fermentation which occurred we would expect a greater
loss of dry matter associated with chopped material than
with shredded material. In all cases the loss of dry
matter in the seepage juice was less than 10 percent. How
ever, there was a significantly higher loss of dry matter
in chopped material.
Settlement of the grass under repeated energy appliT
cations also reflected the influence of maturity and mois-
tVLre content# Settlement was greater for shredded grass
when the crop was less mature and of high moisture content.
At lower moisture content and greater mat\irity greater
settlement occurred in the chopped grass.
The difference in the nature of the compaction involved
in making field silage fron that in making laboratory silage
offers an explanation of the fact that there was no differ-
ere e found in pH between chopped and shredded silage in
field studies. In the laboratory silos and the time series
work, a significantly lower pH was found in shredded silage,
The theory of many investigators is that surface moisture
and liberated cell juices of grass are the media which sup
ports bacterial growth and the production of silage acids.
If this media is readily available a more rapid and com
plete production of acid results. The case of laboratory
containers, surface condition of the grass after it is
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ensiled is largely a function of mechanical pre-treatment.
Where ensilage is made in a trench silo and ccanpaction is
done with a tractor to such an extent that the grass is
thoroughly agitated and juicy, the surface condition of
the grass is not only a function of mechanical pre-
treatment bat also of manner of compaction.
Experimental work was described in which the variation
of certain qualities of silage diiring the ensiling period
were studied under laboratory conditions. The curves show
ing changes of carotene during the period are quite interest
ing. Many observers have noted that there is an apparent
rise in carotene content during the ensiling period of grass
silage. The difference between chopped and shredded mater
ial may have been due to some extent to the difference in
the pH situation in the tw> silages. It is possible that
if carotene is actually formed in silage dtaring the ensiling
period, it is formed more readily in silage of lower pH,
It is also possible that carotene is not formed in silage
during the ensiling period and the apparent rise in carotene
is due to an influence of pH or acidity upon the carotene
determination. Carotene may possibly be more easily ex
tracted from grass under acid conditions. Finally, it may
be possible that carotene is more easily extracted from
the shredded material due to its textixre than the chopped
material.
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pH dropped more rapidly in the shredded material and
maintained a lower pH throughout the ensiling period than
the chopped material. Here again is evidence that some
alteration of the fermentation process in the glass Jars
was due to the shredding of the grass before ensiling.
There was greater formation of butyric and acetic acids
in the shredded silage.
Little change occurred in protein content of the two
silages during the ensiling period.
Part of the objective of the studies presented here
was to develop techniques which would aid in the evaluation
of the effects of mechanical pre-treatment of grass on
silage quality and condition. There are many variables in
the ensiling process. The evaluation of the effect of any
one variable is not an easy matter. It Is extremely desir
able from a practical standpoint to perform much of the
evaluation under laboratory conditions. If small containers
are used in laboratory studies, better control of the
variables is possible and there is greater freedom in choos
ing conditions of the experiment.
Work presented In this thesis was to a large extent
exploratory In nature. It was necessary to determine whether
laboratory techniques which have been used successfully by
many investigators could be adapted to a study of mechanical
pre-treatanent of gpass»
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VII. STrnMAfflf Airo CONCriTSIOlTS
Length of cut of alfalfa cut with three different
machines was determined by measuring the lengths and count
ing the number of pieces of grass in a large sample. The
material cut with the conventional chopper, set for 1/2
inch out, was the most uniform# The Lundell regular was
much less tiniform and had a longer average length of cut#
The Lundell economy machine gave even less uniformity of
length and a longer average length# Results are shown in
the form of frequency distribution#
A surface damage indicator was developed which utilizes
the rate of liberation of heat and gas from the reaction of
calcium carbide with plant moisture as an index of plant
surface damage# Curves showing rate of pressure rise indi
cate that the method may have some validity as a measure
of damage#
Photographs were taken to add to the descriptive com
parison beti-zeen representative samples of shredded and
chopped alfalfa. The pictures clearly show severe stripping
of stems which gives the shredded material its ragged
texture•
The photographs of the alfalfa and curves showing sur
face damage indicator pressures and the frequency distribu
tion of length of cut give an accurate description of the
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physical differences in pre-treatinent of grass. The con
vent icnal chopper gives a short tiniform chop. There is
little damage done to the stems other than the cut. The
grass which had been shredded had a greater rate of pressure
rise produced in the surface damage Indicator than grass
with other pre-treatment. A considerable amount of damage
was shown for the chopped material as compared to long grass.
While little daimge or bruising had occurred in chopping,
a great number of cut ends had been produced. Cut ends
provide a place for moisture to move out of plant tissue.
Even though the surface of the chopped material felt rela
tively diy, a considerable amount of reaction took place in
the surface damage Indicator.
An experimental section of silage was observed in the
Ankeny trench silo# Temperatures were found to reach values
as high as 137°P« differences were found between chopped
and shredded silage except for a possible cattle preference
for shorter silage.
In some of the work reported in this thesis one-quart
Mason-type jars were used as containers. Since teraperat^re
is considered quite an important factor influencing qjiality
of silage, jars were stored in insulation and in a labor
atory cabinet at room temperature. Insulation of the jars
caused about 1.?®P higher temperature than uninsulated
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storage* Not enaigh samples were analyzed to give a strong
picture of differences in the silage due to differences in
temperature or to chopping and shredding. Spoilage and
molding occurred In the top portion of the silage in the
jars. As the jars were filled initially a thermocouple was
placed in the silage and the lid screwed on the jar over the
wire. The jars were sealed with paraffin. Although no ob
vious leaks were noted, it is possible that the wire caused
a misfit between the lid and the jar and allowed air to
enter at that point and cause molding.
A comparison was made between silage in jars stored in
a labcQ?atory cabinet and jars stored in the trench silo*
Samples of the silage from the silo was also involved in
the comparisons. Complex influences of high tesnperatures and
manner and rate of compaction cause difficulties in the In
terpretation of silage made in jars.
Laboratory silos similar to those used at the Ohio
Agricultural E3!periraent Station were constructed. Data were
taken to ccanpare chopped and shredded alfalfa* Analyses
were made of pH, protein, dry matter and carotene. The
shredded silage was of significantly lower pH. Carotene
determinations were of little value. Compactability of
shredded and chopped material were compared under static and
dynamic loading. Maturity and moisttire content of the grass
were foimd to have great Influence on the results obtained*
- m
As a result of the work done the following conclusions
have been reached:
1. No difference was found between chopped and shred
ded silage in the field for the various aspects of silage
qtality which were measured.
2, Laboratory studies involving various types of
laboratory containers are not adequate when manner of com
paction in the field is drastically different from compac
tion in laboratory containers,
3« There is some indication that laboratory studies
at normal room temperatures will not give correct indications
of what will happen In field silage irAien high temperatures
are encountered in the field#
Ij.. There appears to be an indication of cattle prefer-
once for chopped over shredded silage probably due to
greater ease of eating the chopped silage.
In laboratory studies shredded silage was found to
have a lower pH than chopped silage,
6, Greater seepage occurs from chopped silage than
from shredded silage under laboratory conditions,
7» Shredded material tea* silage may be adequately
described by a frequency distribution of length of cut,
rate of pressurejri se index of surface damage and pictures
showing texture.
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VIII. STTGGESTIOHS FOR FURTHER V/ORK
!• It would be desirable to have feeding trials con
ducted which would give information on the relative nutri
tional value of shredded and chopped silage#
2» Field studies should be made to find oat if shred
ded material can be succeasfully ensiled with a minimum
amount of compaction particularly when the grass is cut
very early#
3« More infonmtion Is needed on the relationships
between length of cut of silage and the palatablllty and
ease with which the silage Is eaten in a self-feeding situ
ation*
l4.» Development of the surface damage indicator to
record rate of pressure rise would make it more usable in
field investigations,
5, A comparison of length of cut evaluation expressed
as a frequency distribution with a weight distribution would
lead to a standardized procedure,
6, A study should be made of the length of cut of
direct cut, pick-up, and stationary choppers,
7, It would be highly desirable to know the Influence
of concaves in the housing of ths Lundell type machine on
length of out and degree of shredding#
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8, A study which would evaluate the influence of
degree of shredding on pH of silage produced and compact-
ability of grass vinder a range of moisture contents is
necessary to proper placement of the shredder in the over
all silage production picture.
9« The influence of hammer design in a flail-type
forage harvester on length of cut and degree of shredding
should be deteimined,
10. Operation of the Lundell type machine as a cutter
and loader in a silage making system where a stationary
chopper is used should not be overlooked where greater re
duction in length is desired#
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Appendix A
Prooediire for chemical
determination and
calculations
- 153 -
1, Protein
1. Three to foixr gram samples of silage were weighed
in duplicate and placed in Kjeldahl flasks,
2. The samples were digested with 25 ml. of concen
trated sulfuric acid and a pinch of copper selenite for
about four hours#
3« After cooling the sample was diluted with 100 ral»
distilled water*
After again cooling for a short time, 100 ml* of
sodium hydroxide (560 g#/l«) was added and a pinch of
metallic zinc was also added*
5. The sample was distilled and collected in 50 ml»
dilute hydrochloric acid (standard) to about one-half of
the original volume*
6* Three drops of indicator were added and the solu
tion titrated with standard sodium hydroxide to the color
less point*
7« Calculations are made as follows:
ml H C1 X N s meg* acid
ml Na OH X N s meg, base
Meg. acid - meg, base = meg, acid neutralized
by N
Meg, acia. neutralized x 100 x .Oil). = percent nitro-
weight of sample
- l51^. -
Percent nitrogen in sample x 6.25 s percent of crude
protein in
sample
%nitrogen In sample x 100 . percent nitrogen in dry
% dry matter in sample matter of sample
Percent nitrogen in dry matter of sample x 6.2^
- percent crude protein in dry matter of
sample
2. Dry matter
1. Twenty-five to thirty grams of silage were vreighed
in duplicate into evaporating dishes.
2. The dishes were placed into a 190^^? oven for 21; hours
3. The samples were weighed after cooling#
Calculations wore made as follows:
vjeight of dry sample and t^sh - weight of dish ^
weight of fresh sample and dish - weight of dish
- percent dry matter
3. £H
1. A sample of 100 grams of silage was weighed up and
placed into a jar with 500 ml. of distilled water#
2. The jar was kept in a refrigerator for twenty-four
hours. The jar was shaken occasionally during the period.
3. The extract was strained through a double thickness
of cheesecloth.
-155 -
I]-. pH determination was made on a Beckman, model H2,
pH meter*
Carotene
1, Ten gram samples of silage were weighed in duplicate
2, The sample was blended with 100 ml. of acetone in a
Waring blender for one minute,
3, After the blend was allowed to settle for a short
time a 5 ml. aliquot was taken and placed in a 30 ml. sepa-
ratory funnel containing 5 inl. Skellysolve B and 3 isl« dis
tilled water.
I4., The funnel and its contents were gently swirled for'
one minute. The lower layer was then discarded,
5, The solution was rewashed with 3 ml, of distilled
water•
6. The hyperphase was chromatographed on a column 12 mm,
in diameter, packed to a height of 70 mm, with equal parts
mixtxire by weight of magnesia and supercol, as follows:
a. The column was packed to a height of about 60 mm.
rather loosely, being tamped about three times, Just enough
to level.
b. The last 10 mm. were packed tightly in about
four portions#
- 156 -
c. A small layer of sodium suifate was placed on
top.
d. The col-umn was moistened with Skellysolve B«
7. The colTJtmn was eluted with a mixttire of one part
acetone and 9 parts Skellysolve B ointll 25 nil* had been col
lected in a volrimetrlc flask.
8. Percent transmission was determined with a Beckman
Spectrophotoraeter, model DTT, reading at i|i^O lax wave length
with a slit width setting of .Ol^. itini.
9. A "D" value was taken from calibration data corres
ponding to the percent transmission read.
10. Calculations were made as follows:
DX2325 If/gram of sample
Sample weight ^ ^ ^
5. Fatty acid determination
1. One hundred ml. of the water extract used for pH
determination were placed in a 500 ml. flask to which was
added 90 ml. distilled water and 10 ml. U/l sulfuric acid.
2. This solution was distilled and 100 ml. distillate
collected after which 100 ml. of distilled water were intro
duced in the flask to stop distillation. A second 100 ml.
were collected and then a third was collected#
- 157 -
3. Each portion was titrated using 1/10 Wsodium
hydroxide and phenolphthaline indicator,
1^.. Calculations vjere made as follows:
= first distillate
T2 = second distillate
s third distillate
Subtract blank first.
Then Ti, T2 and T3 must bo corrected to 1/10 Nby
maltiplying by actual normality of base used (tlOOSN)#
Acetic acid -e 3«962 (T2 / T3) - l»372i4. (T^) » X
Butyric acid - 1.992 (T2 / / 2.0tj.6l (T^) s Y
(X or Y) 500 / (lOO^DM) _ pj.©© and combine acid in
fresh silage
- 158 -
Appendix B
Material characteristics
Length-
inches
yji
"4
1/8
3/1
"4
'A
3^
VA
'A
1/8
4
YA
7/6
l/k
3/8
1/2
5/8
7/8
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Table 25. Numbers of pieces of grass
of various lengths
Sample numbers
—r 3 K Total
Adjusted
total
Conventional chopper -
one-half inch theoretical
length of cut
1 1
1 8 8 11 28
79 50 91 271 589
30 kB 53 73 201^.
27 36 k9 59 171
3 12 Ik 3k 63
22 13 20 63 255
3 5 8 10 26
6 7 8 16 37
? 2 5 12
2 2 5 15 70
3 3 2 Q
7 1 k 3 15
3 1 h
1 1 5 5 12 27
1 1 X 3
1 1
1 2 3
2 1 2 5 9
1 1
1 1
5 5 7
2 2
2 1 3
1 1 2 9
1 1
1 1 2
1 1 5
1 1
1 1
1 1
2
1 1 2
1 1
% of pieces
in 1/2 inch
intervals
60.01
26,12
7.Ill
2.75
.92
.72
.92
.52
.20
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Table 25* (continued)
Length- Sample numbers Adjusted
% or pieces
in 1/2 inch
inches 1 2 3 it Total total Intervals
1/2
7
1 1
1 1
3 .32
1 1
1 1
2
1
.20
• 10
Total number of pieces
Average length
981
• 880
Lundell standard shredder
1/2 2 3 2 6 13 6.33
5/8
1 8 111. 214. 27 73 171 22.10
1/8
1'%3/f
1/2 11 13 18 22 6l^ 151 19.55
5/?
2 5 12 15 16 50 111 lit..35
1/8
3/(
1/2 5 7 16 13 Ij-l 78 10.08
5/8
7/£
3 It 2 10 10 26 65 e.lp.
1/8
2 7 1 3 13
7 17 11 11
10 5 12 27
Ik
5 2 6 9 22
9 9 23 12 53
? 4 5 6 20
(>k
7 3 2 7 19
k 9
7
10 19
4 y
ig
$ 2 2 3 12
5 6 10 25
2 1 1 2 6
ii.1
1 2 3
7 10 12 33
1 2 1 3 7
k
3 1 3 7
3 5 k 16
Length-
inches
** 1/8
"43A
7/5
YA
6
3/S
3^
7/^
8
1/2
'8
in
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Table 25* (continued)
Sample
1 2
numbers
3 k Total
Adjusted
total
in 1/2 inch
intervals
6 5 1 6 5.29
2 1 1 h
1 1 3 5 10
1 1
3 2 h 8 17 31 l^-01
1 2 1 k
1 3 1 3 Q
1 1
2 3 5 10 18 2.33
2 2
2 2
2 1 3
2 1 1 2 6 15 1.9k
1 1 2
2 2 1
1 2 3
2 1 3 9 1.16
1 1
1 1 2 7 .90
1 3
1 1
2 2
1 1 2 8 10 1.29
1 1 2 1+ .52
1 1
2 2
2 1 3 1^ •52
1 1
1 1 2 5 .65
1 1
1 1
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Table 25* (continued)
Length- Sample numbers
inches 2 3 f Total
% ot pieces
Adjusted in 1/2 inch
total intervals
10
11
5/8
1/8
YA
%
i/a
¥A
V8
%%
1/2
1/8
Total number of pieces JJk-
Average length 2.338
Lundell economy shredder
1 1
1 25 26
k h
2 3 23 33
1 1 2
kl
.13
5.27
Length-
inches
1/8
3/^
¥/l
1/8
YA
1/8
\%
Y/l
yh
1/8
\k
'4
7^
1/8
1%
- 163 -
Table 25* (continued)
Sample numbers
% of pieces
Adjusted in 1/2 inch
intervals1 2 3 Total total
8 ? 1^. 28
],
81^
k 7 liV 31
1 1
7 8 7 H-O 62 100
2 2
13 10 10 6 39
3 1 7 11
15 12 8 31 66 112
3 1
10 3 h 7
1 3 k
9 7 11 11 3S 77
1 3
13 11 9 ? 38
3 1 2 6
5 7 5 25 1^2 81
2 2 2 6
11 2 1 1 15
3 1 k 8
7 ll- 6 7 5k
1 2 2 5
9 5 3 21
1 3 2 6
10 8 7 12 37 63
1 2 3
k 5 1 2 12
1 1 2
9 111- 9 36 55
2 1 3
5 2 3 7 17
2 2 2 6
7 5 3 8 23 kk
1 1
3 6 1 10
1 2 3
3 5 6 k 18 30
1 1
k 1 2 7
2 1 3
9.1;1
11.20
12.05
8.63
9.08
6.05
7.06
6.16
11..93
3.37
Length-
inches
6
1/8
lA
3/B
"4
8
r/S
YA
¥A
10
1/8
YA
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Table 25. (continued)
% of pieces
Sample
1 ^2
numbers
3
I
if Total
Adjusted
total
in 1/2 inch
intervals
6 3 1 8 18 29 3.25
2 1 3
2 1 3
1 1
6 2 3 1 12 19 2.13
1 1
1 3 1 $
2 1 3
3 2 ii- 5 26 2,92
2 1 1 5
1 2 1 k
1 1 2
5 3 8 13 1.14-6
1 1 2
1 1
2 2 2 6 10 1.12
1 2 3
1 1
3 k 7 10 1.12
1 1 2
1 1 2
1.352 1 1 8 12
1 1 2
1 1
2 1 3 5 .56
1 1 2 3 .3L^
1 1
1 1
1 .11
1 1
- 16$ -
Table 25* (continued)
• ^""oT^pTecei'
Length- Sample numbera Adjusted in 1/2 inch
Inches 1 2 3 U. Total total inte rvals
11 2 1 3 k •'-1-5
1/8
si
1/2 1 11 .11
5/8
12 2 1 3 k 'k5
1/8
lA 1 1
Y/l 11
13
1/8
l/k 1 1
*^1/6
VA
1/2
5/8
1/2 2 2 8 .89
Total number of pieces 892
Average length 3-1^814.
3/8
i/2 11
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Table 26. Surface damage Indicator
readings
Time- Trial number
seconds 1 2 3 "3" Total Averap;e
Immature alfalfa cut with
conventional chopper
5 12 10 10 13 Uj- 59 11.8
15 lj.8 92 108 72 130 90.0
15 108 116 128 120 123 595 119.0
15 101 115 lllj. Ill W1 107.7
15 97 108 112 108 li25 106.2
15 9l^ lOl; 108 105 1+11 102.7
15 91 103 107 301 100.3
15 90 102 105 297 99.0
15
15
15
15
Immature alfalfa out with Lundell
standard shredder
Presaitpe - psl
21 105 21.0
108 576 115.2
103 528 105.6
99 501+ 100.8
96 1^90 98.0
96 l|.88 97.6
Pressure - pai
Ik
114- 111
lj.
$
103
103
103
102
5 20 2I|. 2k 16
15 106 122 li8 120
15 96 109 110 110
15 91^ lOli. lOk 103
15 92 101 102 99
15 92 100 101 99
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Table 26« (continued)
Time- Trial nmnber'
seconds 1 2 3 U. 3 Total Average
Immaturo alfalfa cut with
Lundell economy shredder
Pressure - psi
5 10 10 6 9 8 ^3 8.6
15 32 72 72 88 96 360 72.0
15 128 108 118 112 116 582 116.k
15 122 100 110 105 106 533 106.6
15 111 91l- 101 101 i^07 101.7
15 106 9i^. 98 98 396 99.0
15 103 92 97 292 97.3
15 102 92 1911- 97.0
100
100
Immature alfalfa cut with
mower
Pressure - pal
5 2 2 1 0 2 7 14
15 2 3 3 2 3 13 2.6
15 5 5 5 3 6 2il- k.8
15 7 8 7 5 8 35 7.0
15 10 10 10 7 9 1.6 9.2
15 13 13 13 8 13 60 12.0
15 15 15 15 10 15 70 Ik.O
15 15 18 18 12 18 81 16.2
15 18 22 22 15 22 99 19.8
15 20 26 2k 18 26 Ilk 22.8
15 22 32 28 22 32 136 27.2
15 72 33 25 52 205 kl.2
15 2§ 111^. 37 30 93 302 te.k
15 80 101 W to 101 369 73.5
15 99 99 52 8^ 100 i;38 87.6
15 102 99 80 99 99 k79 95.8
15 103 97 101 96 97 98.8
15 99 98 95 97 389 97.3
15 96 93 95 94.6
15 95 92 187 93.5
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Appendix C
Temperatxire records
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Appendix D
Laboratory silo data
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Table 29. Applied pressiires
Weight of frame Weight placed Total Piston Applied
Silo piston and rack on rack weiRht area pressure
1 25.00# 25.58 50.58 25.9in2 1.95
2 21).. 70# l56.liJj. 181. Ill It 7.00
3 21]..82# 252.^ 277.1+8 II 10.63
25.35# 77.99 103. 31+
tt 3.99
25.l|.2# 80.80 106.22 It li-.io
6 214.. 5^ 253.67 278.22
tl 10,75
7 25.00# 157.80 182.80
n 7.06
8 25.255^ 26.07 51.32 If 1.98
Difference in applied pressure
1 1.95 8 1.98 Difference / .03
2 7.00 7 7.06 / .06
3 10.63 6 10.75 / .12
k 3.99 5 1(..10 / -11
Table 30• Key
Silos - Treatment
Silo
Run 1 Run ^ Run 3
psi psi psi
1 Shred 2 Shred 2 Chop 2
2 Shred 7 Chop 7 Shred 7
3 Shred 10 Shred 10 Chop 10
k Shred h Chop Shred Ij.
5 Chop h Shred k ChOD I}.
6 Chop 10 Chop 10 Shred 10
7 Chop 7 Shred 7 Chop 7
8 Chop 2 Chop 2 Shred 2
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Table 31. Weights of grass removed,
first ran
July 30,
Weight - pounds
Treat- Prea-
ment sure
(Col.l) (9#-Col.l)
Silo / Total Spoil- Weight Difference
f^rass Silo p:ras3 age lost chop^shred
Shredded
Chopped
2
2
35.53
35.214.
26.86
26.65
8.60
8.%
1.19 •li-O
.56
/ .16
Shredded
Chopped i;
31+.83
31^.85
26.75
26.8U
8.07
7.85
.39 .93
1.15
/ .22
Shredded
Chopped
7
7
31^..16
34-. 10
26.71^.
26.76
7.32
7.29 -
1.68
1.71
/ .03
Shredded
Chopped
10
10
32.91
33.^0
28.59
26.I1IL
6.33
6.73
.57
.30
2.67
2.27 .ao
Table 32, Weights of
second r\m
grass removed.
September 8, 1951;
Wei^t - pounds
Treat- Pres-
ment sure
Silo /
grass Silo
(Col. 1)
Total
grass
Spoil
age
(9#-Col.l)
Weight
lost
Difference
chop-shred
Shredded
Chopped
2
2
35.62 8.82
8,13
1.67
.98
.18
.87 / .69
Shredded
Chopped
31^-. 76
3k*30
7.92
7.59
.22
.10
1.08
l.kl / .33
Shredded
Chopped
7
7
33.70
3^.51
7.6k
6.96
.26
.12
1.36
2.014. / .68
Shredded
Chopped
10
10
33.28
33.09
6.79
6.1lO
- 2.21
2.60 .39
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Table 33. Weights of grass removed,
third run
October l5, 19^
Weight - pounds
Treat- Pres-
ment sure
Silo /
grass silo
(Col.l)
Total
grass
Spoil
age
Weight
lost
Difference
cho-o-shred
Shredded 2 3I1-.79 26.69 8.01 .U3 .99
/ .96Chopped 2 33.91 26,92 7.05 .31 1.95
Shredded k 33.86 26.72 7.1U .15 1.86
/I.07Chopped k 33.02 26.91!- 6.07 .12 2.93
Shredded 7 32.72 26.72 5.95 .05 3.05
/ .83Chopped 7 32,00 26.90 5.12 .05 3.88
Shredded 10 31.78 26.73 5.07 .03 3.93
Chopped 10 30.72 26.5U • l|..86 / .93
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Table 3i^-• Settlement in laboratory
silos - in inches
Time-
hours 2 psi psi 7 psi 10 psi
Run No,. 1 - shredded
0 1.31® 1.31^ 3.25^ 3.25^ 14-. 62^ 14-62^ 6.25® 6.25^
2.17 •3k- l,65 1.91^ 5.19 1.19 5.81 2.09 8.31+
2.75 .38 2.03 .72 5.91 .56 6.37 .66 9.00
3.25 .16 2.19 .IOl 6.35 .lA 6-81 .U1 9.I4-I
3.75 .22 2.L1 .38 6.73 .09 6.90 .25 9.66
.16 2.^7 .19 6.92 .12 7.02 .25 9.91
5.75 .22 2.79 .19 7.11 .69 7.71 .22 10.13
6.75 .Bk 3.63 .66 .88 8.59 .72 10.85
8.75 .59 14-22 .1^1 8.18 .59 9.18 •lA 11.29
10.75 .3k k.^6 .25 8.1^3 .28 9.14.6 .25 ii.g^
12.75 .22 2.79 .12 8.55 .25 9.71 .00 11.514.
14.75 .16 k.9li .09 8.614. .16 9.87 .19 11.73
16.75 .12 5.06 .06 8.70 .03 9.90 .03 11.76
18.75 .06 5.12 .06 8.76 .12 10.02 .03 11.79
20.75 .09 5.2X .03 8.79 .03 10.05 .03 11.62
22.75 .00 5.21 .03 8.82 .06 10.11 .00 11.82
21J..75 .06 5.27 .06 8.88 .03 10. III. .06 11.88
26.75 .00 5.27 .03 8.91 .00 10.Ill .03 11.91
30.75 .00 5.27 .09 9.00 .06 10.20 .03 11.91|.
37.75 .06 5.33 .03 9.03 .03 10.23 .00 II.9I4.
t|4.75 .03 3.36 .03 9.06 .00 10.23 .06 12.00
50.75 .03 5.39 .03 9.09 .03 10.26 .03 12.03
62.75 .00 5.39 .03 9.12 .06 10.32 .00 12.03
71.08 .16 5.55 .09 9.21 • 03 10.35 .03 12.06
87.25 .00 5.55 .03 9.2U .09 10.I4J1 .06 12.12
116.25 .00 5.55 .03 9.27 .00 10.1414. .03 12.15
159.75 .00 5.55 .06 9.33 .06 10.50 .03 12.18
239.25 .16 5.71 .09 9.J|2 .06 10.56 .09 12.27
280.92 .16 5.87 .00 9.14^ .03 10.59 .06 12.33
14.30.25 .09 5.96 .06 9.14-8 • 09 10.68 .03 12.36
592.15 .06 6,02 .12 9.60 .16 IO.8I1. .06 12.14.2
760.15 .31 6.33 .09 9.69 .00 IO.8I4. .00 I2.I4.2
Time-
hours 2 pgj
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Table (continued)
tj- psl 7 P8l 10 pBi
Run No. 1 - chopped
0 2.56^ 2.56^ k.25^ [l.25^ 5.25^ 5.25^ 6.7^ 6.75^
2.00 .31}. 2.90 .97 5.22 l.tl 6.66 .97 7.72
U-.I? .53 3.1J-3 1.22 1.06 7.72 1.31 9.03
U.75 .19 3.62 .22 .l\h 8.16 .19 9.22
5.25 .19 3.81 •12 6.78 .2^ 8.^ .22 9.iA
5.75 .09 3.90 .19 6.97 .09 8.53 .16 9.60
6.25 .16 I4..O6 .12 7.09 .19 8.72 .12 9.72
6.75 .12 l^.l6 .09 7.16 .16 8.88 .12 9.8k
8.75 .38 1J..56 .31 7.U.9 9.22 .31 10.15
10.75 .25 I1..81 .16 7.6$ .25 9.1^-7 .19 10.31;
12.75 .19 5.00 .16 7.81 .12 9.59 .09 10.k3
1U.75 .22 5.22 .09 7.90 .12 9.71 .12 10.55
16.75 .12 5.3k .16 8.06 .17 9.88 .06 10.61
18.75 .25 5.59 • 09 8.15 .09 9.97 .03 10. 6k
20,75 .06 5.65 .09 8.?l| .06 10.03 .06 10.70
22.75 .03 5.68 .09 8.33 • 09 10.12 .06 10.76
214-. 75 .09 5.77 • 06 8.39 .06 10.18 .06 10.82
26.75 .03 5.60 .09 8.U8 • 03 10.21 .03 10.85
28.75 .09 5.89 .03 8.51 .03 10. 21^. .03 10.88
32.75 .06 5.95 .03 8.51^ .09 10.33 .03 10.91
39.75 .09 6.014. .06 8.60 .03 10.36 .09 11.00
it.6.75 .06 6.10 .09 8.69 .06 10.i|2 .00 11.00
52.75 .03 6.13 .03 8.72 .03 10.1^-5 .00 11.00
61+. 75 .09 6.22 .03 8.75 .00 10.k5 .06 11.06
73.06 .06 6.28 .06 8.81 .03 10.I1.8 .00 11.06
89.25 .12 6.I1.O .03 B.Qk .03 10.51 .06 11.12
118.25 .09 6.1x9 .09 8.93 .06 10.57 .03 11.15
161.75 .12 6,ll .09 9.02 .03 10.60 .06 11.21
2I|1.25 .03 6.61; .12 9.1)1 .03 10.63 .03 11.21^
282.92 .22 6.86 .00 9.11! .03 10.66 .00 11.21J.
i4.32.25 .06 6.92 • 09 9.23 .03 10.69 .06 11.30
59I4..25 .12 7.OI1 .09 9.32 .00 10.69 .06 11.36
762.15 .12 7.16 • 12 9.hk .1? 10.81 .00 11.36
^-Settlement during time interval.
^Accumulated settlement.
Time-
hours
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Table 35* Settlement in laboratory-
silos - in inches
Settlement
at 2 psi
During
interval Total
Time-
hours
Settlement
at [{. psi
During
interval Total
Run No# 2 - shredded
0 .88 .88 0 3.63
2.58 .09 .96 2.33 .3ii-
5.58 .06 1.02 5.33 *k7
8.33 .38 l.L'O 8.02 .k7
10.58 .22 1.62 10.33 .31
13.58 .22 1.8L^ 13.33 .
20.58 .59 2.14-3 20.33 .86
25.58 .19 2.62 25.33 .25
30.58 .16 2.78 30.33 .19
11-6.58 .16 2.9L1. I|.6.33 .22
56.88 .06 3.00 56.63 .09
121.58 .12 3.12 121.33 .19
300.58 •3ii- 3.^6 300.33 .50
601.58 • 38 3.8k 601.33 .28
8I4.I.58 .03 3.87 81A.33 .09
3*63
3.97
t|-91
5.22
5.56
6.1411
6.69
6.88
7.10
7.19
7.38
7.88
8.16
8.25
0
2.1^.2
5.14-2
8.17
10.1^.2
13.11-2
20.4.2
25.k2
30.^2
56.72
121.ii.2
300.i|2
601.1^2
8li1.14-2
Settlement
at 7 psi
Settlement
at 10 psi
2.97 2.97 0 5.50 5.50
1.50 k-kl 2.25 .69 6.19
.50 i^.97 5.25 1.09 7.28
.Ilk 5.I1-I 8.00 .i|7 7.75
.38 5.79 10.25 .3i 8.09
.ijlL 6.23 13.25 .35 8.I}-7
.914. 7.17 20.25 .72 9.19
.28 7.U5 25.25 .25 9.yk
.19 7.61+ 30.25 .12 9.56
.28 7.92 tj.6.25 .19 9.75
.09 8.01 56.55 .06 9.81
.25 8.26 121.25 .09 9.90
.38 8.6k 300.25 .16 10.06
.69 9.33 601.25 .16 10.22
.06 9.39 8li,l.25 .03 10.25
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• Table 35. (continued)
Settlement Settlement
at 2 psi at k pal
Time- During Time- During
houps interval Total hours interval Total
R\m Ko. 2 - chopped
0 1.75 1.75 0 3.50 3.50
1.25 .66 2 All 1.00 .3U 3.8l^-
.28 2.69 k*00 .53 i^..37
7.00 3.03 6.75 .1^.7
9.25 .38 3.U1 9.00 .i^-l 5.25
12.25 43 3M 12,00 •iA 5.69
19.25 .81 II..65 19.00 1.03 6.72
2i(..25 .25 i|..90 2I1..OO .31 7.03
29.25 .19 5.09 29.00 .25 7.28
i;5.25 .28 5.37 14-5.00 .31 7.59
55.55 .06 5.If-3 55.30 .12 7.71
120.25 .31 5.71+ 120.00 .22 7.93
299.25 .50 6.2k 299.00 .19 8.12
600.25 .3k 6.58 600.00 .31 8.1^-3
8^-0.25 .16 6.71; 814,0.00 .00 8.1^3
Settlement
at 7 pal
0 2.25 2.25
.83 3.16 5.I1J.
3.83 .75 6.16
6.58 .66 6.82
8.83 .12 6.9)1
11.83 .91^. 7.88
18.83 1.03 8.91
23.83 9.25
28.83 .19
9.66IUn83 .22
55.13 .06 9.72
119.83 .16 9.88
298,83 .22 10.10
599.83 .22 10,32
839.83 • 06 10.38
Settlement
at 10 psl
0 5.62 5.62
1.17 1.22 6.81}.
k.n .75 7.59
6.92 .72 8.31
9.17 .50 8,81
12.17 .50 9.31
19.17 .88 10.19
2k.l7 .28 10.k7
10.6629.17 .19
U5.17 .19 10.85
55.50 .06 10.91
120.17 .12 11.03
299.17 .25 11.28
600.17 .16 11,104.
8i|.0.17 .06 11.50
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Table 36» Settlement In laboratory
silos - in inches
Settlement Settlement
at 2 psi at I4. psi
Time- During Time- During
hours interval Total hours interval Total
Run No. 3 - shredded
0 2.96 2.96 0 3.514- 3.5fj-
7.07 .57 3.53 6.92 1.75 5.29
26.57 1.91 5.144 26.1;2 2.12 l.kl
it.6.23 .75 6.19 1^6.08 1.32 8.73
398.23 1.00 7.19 398.08 1.12 9.85
833.99 7.62 833.81^ .03 9.88
Settlement Settlement
at 7 psi at 10 psi
0 lt..88 Ll.88 0 5.63 5.63
6.80 7.12 6.65 3.72 9.35
26.30 1.63 8.75 26.15 2.56 11.91
14-5.96 1.00 9.75 14-5.81 .914- 12.85
397.96 2.00 11.75 397.81 .ll-O 13.25
833.72 .13 11.88 833.57 •00 13.25
0
10.711-
30,21^.
Ll.9.90
k01.90
837.66
Run Ho. 3 - chopped
Settlement
at 2 pal
3.57
2.24
2.^
.88
1.18
.13
3.57
5.81
8.19
9.07
10.25
10.38
Settlement
at pal
0 3.96
10.57 3.88
30.07 2.1^L
1).9.73 .90
11.01.73 . 66
837.t|.9 .19
3.96
7.8t|.
10.25
11.15
11.81
12.00 A
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Table 36. (continued)
Settlement
at 7 psi
Time- During Time-
hours interval Total hours
Settlement
at 10 p3l
During
interval Total
0
lO.i+T
29.97
14-9.63
kOl.63
537.i|.9
5.22 5.22 0
3.97 9.19 10.57
2.53 11.72 30.07
.63 12.35 iv9.73
.59 12.91^. UOI.73
.06 13.00 837.14-9
6.38
2.06
.06
Table 37. Specific gravity
and percent dry
matter seepage juice
6.38
10.88
12.91jl
13.36
13-9i^.
114..00
Rtin 1 Rtin 2 Riin 3
Treatment Sp.s:r,
Dry
matter
Shred 7
Shred 10
Shred
Chop
Chop 10
1.02
1.03
I4..29
I4-.52
1.03 l^..i^.6
Averages of all values: Density 1,02 g/ml
Dry matter 3.21^
Sp. p;r.
1.02
1.02
1.02
1.01
Dry
matter
2.82
3.00
2.72
2.25
Sp-s^
1.02
1.02
Dry
matter
2.15
2.67
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Table 39# PH - shredded and chopped
SaiT^le Pressure PH Sample Pressure PH
Shred 2 5.10 Chop 2 5.35
Run 1 k 1^..93 Run 1 5.ii5
7 l^..8o 7 5.80
10 Ii-.75 10 5.62
Shred 2 ll-. 57 Chop 2 l^..70
Run 2 k ^.55 Run 2 5.12
7 1^-63 7 l|..65
10 10 1^..70
Shred 2 i4..58 Chop 2 5.00
Run 3 k 1;.90 Rtjn 3 5.06
7 1^-82 7 5.22
10 1^.85 10 5.18
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Table 11.9 • pH
Time after
ensiling
- days
Treat
ment PH
1 Chop
Shred
6.03
5.02
3 Chop
Shred
5.67
5.00
7 Chop
Shred
5.^8
i»..89
Chop
Shred
5.33
1;.63
21 Chop
Shred
5.t>6
14-. 63
28 Chop
Shred
5.35
l)..61
56 Chop
Shred
5.02
t)..63
8I| Chop
Shred
14-. 85
l(..1^5
-202-
Table 50« Patty acids
Percent acids inTime
after
ensiling Treat ml . NaOH Acetic Butyric
-days ment Ti T2 acid acid
1 Chop
Shred ii-Tes 2.92 2.22 .91^- .21
3 Chop
Shred
3.68
ll-.kl
2.21
2.59
1.5k
1.69
.50
• 60
.27
.31
7 Chop
Shred
5.38
5.16
3.Ill
3.11
2.1+5
2,09
1.29
.96
.19
.29
Ik Chop
Shred
3.9k
7.58
2.50
k.35
1.62
2.77
.66
l.k6
.26
21 Chop
Shred
I4..OI
7.59
2.52
4.36
1.69
2.89 1.51
.23
.36
28 Chop
Shred
J4-.67
7.61
3.92
ij..60
1,99
2.98
1.38
1.68 .31
56 Chop
Shred
k.93
8.88
3.Ok
k.76
1.91
3.05
.91
1.70
.30
.53
Qk Chop
Shred
5.51
7.60
3.55
k.61
2.31
2.99
1.23
1.67
.21
.31
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Appendix P
Ankeny trench silo, 1951^.-1955
Treatment
Chop
Silo jar
Chop
Lab jar
Chop
Silo
Shred
Silo jar
Shred
Lab jar
Shred
Silo
- 2014. -
Table 51* PH
Sample pH
A 6.20
E 5.72
D 5.75
DE 6.05
DD 6.17
DA 5.80
A 5.30
E 5.90
D 5.32
I3E 5.33
DD L|..95
DA 5.15
A 5.51
E 5.13
D 5.20
DE 5.26
DD 5.25
DA 5.20
A 5.30
E 11-.95
D 5.57
DE 5.92
DD 6.W
DA 5.05
A 1)..90
E li.85
D 6.58
DE l+.SO
DD 8.05
DA 5.70
A 5.25
E 5.15
D 5.32
DE 5.32
DD . 5.25
DA 5.25
DA 5.25
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A A E E D D D
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A A E E D D D
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Appendix G
Compaction teats
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Table $8. Test I - chopped material
Trial 0
Amount of settlement - inches
Drop No.
3 ii. 5 6 7 8 9 10
1 0 1-1/8 1/2 5/8 l/k 3/8 1/8 0 1/8 1/8
I 0 ii/8 1 5/8 1/2 3/8 i/k 1/8 1/8 1/8 1/8
3 0 3-7/8 7/8 1/2 3/8 3/8 l/k 1/8 1/8 1/8 l/k
J4. 0 3-5/8 l-l/k 1/2 3/k 3/8 1/^ 1/8 3/8 I/8 l/L
^ 0 3.3/k 7/5 3/y. 5/S 3/8 3/5 q lA lA Vg
6 0 3-3/8 1-1/a 5/8 5/8 lA 3/8 1/8 lA 1/5 3/8
7 0 2-3/k 7/8 1/2 1/k 1/2 1/8 1/8 l/k I/8 1/8
8 0 3-3/8 1-1/8 3/k 3/5 3/8 I/J4. lA 1/5 0 lA
9 0 3-7/8 7/8 1/2 5/8 1/8 1/^ lA 0 lA 1/2
10 0 3-3/8 1 5/8 1/2 3/8 1/8 3/8 0 1/2 1/8
Aver. 0 3.53 1.01 .59 . 51 .33 . 30 .16 .15 .17 . 22
% of
Total 0 50*6 ll[j..5 8«iL|. 7.3 U-.7 U-*^4- 2.3 2.1 2.^,—3._1
Table 59. Test I - shredded material
Amount of settlement - inches
Drop No.
Trial 0 12 3 ll- 5 6 7 8 9 10
1 0 2-3A 1/2 lA lA 1/8 1/8 1/8 1/8 0 1/8
2 0 3 1/2 3/o 1/h 0 1/k lA lA 1/8 0
3 0 2-I/I4. 3/8 lA 1/2 3/8 lA 1/14- 0 0 lA
I4. 0 1-1/2 3A 1/2 1/8 1/8 1/8 lA 1/8 1/8 1/8
5 0 2-3/8 1/2 1/2 1/8 l/k 1/k 1/k 0 0
6 0 2-3/8 5/8 1/k 3/8 l/§ lA 0 lA 0 1/8
7 0 2-1/1+ 3/14. 1/k 1/2 1/k 1/5 lA 1/J 3/8 1/8
8 0 2 1/2 1/2 1/k 3/8 1/8 3/8 1/8 0 1/lj.
9 0 2-3/8 3/8 1/2 1/k 3/8 1/8 1/k 1/8 1/8 0
10 0 1-V8 3/8 1/8 1/5 1/8 1/k 0 1/k 1/8 0
Aver. 0 2.25 .52 .35 .28 .21 ,20 ,20 .lij. .11 .10
% of
Total 0 51.7 11.9 8.0 6.14. i|..8 i^..6 [|..6 3.2 2.5 2.3
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Table 60, Test II - chopped material
Amount of settlement - inches
Trial 0
Drop No.
3 il. b 8 10
1
2
3
6
7
6
9
10
0 2 7/8
0 1-7/8 3A
0 2 5/8
0 1-7/8 3/I4.
0 1-7/8 3/a.
0 1-7/8 5/8
0 1-7/8 3/14-
0 1-5/8 3/h
0 1-3/i 7/8
0 1-7/8 3/k
5/8 5/8 3/8
1/2 1/2 1/2
1/2 5/8 1/2
5/8 1/2 3/8
3/8 1/h. 1/k
1/2 3/0 3/8
7/8 1/2 l/l<.
5/8 1/k 1/2
5/8 1/S 3/8
1/2 1/k 1/2
3/8 1/8 lA
3/8 3/8 1/2
1/8 1/k 1/2
1/1; 1/k 1/k
1/k 3/8 lA
3/8 0 1/k
1/8 lA 3j
3/8 1/k 3/8
3/8 1/8 1/8
1/8 1/8 1/8
l/l^ 1/U-
0 1/8
1/i^ 1/8
0 1/8
3/8 0
1/8 1/8
lA 1/8
1%
Aver* 0 1.8? *75 -50 •ij-O *39 -28 .21 ,30 .19 *12
i= of
Total 0 37*3 10*0 8.0 7»8 5.6 h.^ 6.0 3>8 Z.h
Trial 0
1
2
3
I
6
9
10
0
0
0
0
0
0
0
0
0
0
Table 61, Test II - shredded material
Amount of settlement - inches
2-l/lj.
2-lA
2-1/k
2-1/1;
2
2-1/2
2-1/2
2-1/k
2-5/8
2-1/t;
1-1/k
1-1/2
1-1/k
1-3/8
1-lA
1-iA
1-1/k
1-1/^
1-1/It.
1-1/I4.
Drop No,
3 Ij. 5
7/8
1-l^J
3/k
1
7/8
3/11- y^
Vk 5/8
3/8 1/2
7/8 1/2
5/8 1/k
5/6 5/8
3A l/>
1/2 1/2
3/k 1/2
3/11. 5/g 1/2
3/8 3/8
1/2 3/8
5/8 3/8
1/2 lA
1/2 3/8
1/1; 1/lj.
1/2 lA
3/8 lA
3/8 1/1;
8 10
1/2 0 1/8
1/1; 1/k -
1/k 1/k -
ih 3/8
1/8 3/8 lA
lA 3/8 1/8
3/5 lA 1/8
1/U I/I4. 0
Aver. 0 2,36 la28 .85 ,66 .l;8 «J;i; .31 .26 .21; .17
fo Ot „ . .
Total 0 33.5 18.3 12.1 9.1j 6.8 6.2 U.l!. 3.8 3.1i. 2.1;
